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PHYSIOLOGY  OF  COMMON  LIFE 


PREFACE 


TaE  object  of  the  following  Work  differs  from  that  of 
all  other  works  on  popular  science  in  its  attempt  to 
meet  the  wants  of  the  Student,  while  meeting  those  of 
the  general  reader,  who  is  supposed  to  be  wholly  un- 
acquainted with  anatomy  and  physiology.  The  many 
excellent  Treatises  which  exist  are  only  suited  to  the 
advanced  student ;  they  assimie  a  knowledge,  and  a 
facility  of  apprehension,,  which  can  only  issue  from  a 
practical  familiarity  with  the  subjects. 

The  remembrance  of  my  own  wants  and  difBculties 
led  me,  many  years  ago,  to  the  belief  that  the  work 
which  was  really  the  most  suitable  for  general  culture, 
would  also  be  of  material  assistance  to  the  Student. 
Accordingly,  although  there  are  many  topics,  interest- 
ing and  important  to  the  physiologist,  which  find  no 
place  in  this  work,  because  they  are  without  the  range 
of  general  culture,  I  have  done  my  best  to  render 
the  exposition,  of  all  the  topics  selected,  on  a  level 
with  the  science  of  our  day. 


yi  PREFACE. 

In  pursuance  of  this  olDject  I  liave  been  forced  to 
depart  very  widely  from  the  practice  of  other  popu- 
lar writers,  who  consider  themselves  hound  to  act  as 
"middle-men"  hetween  scientific  authorities  and  the 
public,  and  to  expound  facts  and  doctrines  as  they 
find  them.    I  could  not  adopt  this  easy  and  conve- 
nient plan.    I  could  not  bring  myself  to  publish,  on 
the  authority  of  respected  names,  statements  which  I 
knew  to  be  false,  and  opinions  which  I  believed  to  be 
erroneous.    After  having  laboured  earnestly  to  get 
at  the  truth,  it  would  have  been  disloyal  to  contri- 
bute in  any  way  to  the  spread  of  what  I  believed  to 
be  error.    AU  that  I  felt  bound  to  do,  was  to  state 
impartially  the  facts  and  opinions  current  among 
physiologists  ;  and,  when  those  opinions  seemed 
inadmissible,  to  state  the  reasons  for  their  rejection. 
There  is  therefore  a  great  deal  of  criticism,  and  much 
original  matter  in  this  work. 

It  is  in  the  chapters  on  the  Nervous  System  that 
the  greatest  amount  of  dissent  from  current  opinions 
will  be  found  ;  and  it  is  there  that  the  reader  will 
most  probably  feel  the  greatest  difficulty  in  agreeing 
with  me,  especiaUy  if  he  be  versed  in  the  doctrines  of 
the  schools,  and  not  very  famihar  with  the  subjects 
through  direct  observation  and  experiment.  I  can 
only  say  that  the  views  there  put  forth  are  the  result 
of  very  considerable  research,  embracing  moUuscs, 
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bees,  beetles,  spiders,  locusts,  crabs,  fishes,  frogs, 
tritons,  lizards,  chickens,  moles,  mice,  rats,  cats^ 
dogs,  sheep,  pigs,  calves,  oxen,  and  men. 

The  literature  of  each  subject  has  been  given  mth 
as  much  fulness  as  seemed  useful ;  and  never  at 
secondhand,  unless  specially  acknowledged.  The 
deficiencies  in  this  respect  will  be  foimd  greatest  in 
the  English  department ;  the  reason  of  which  is  that 
my  purse  is  not  long  enough  to  command  the  Trans- 
actions, Journals,  and  Eeviews  in  which  my  country- 
men have  recorded  their  labours ;  and  1  have  not 
the  advantage  of  commanding  a  public  library.  It 
has  been  my  desire  to  render  every  one  his  due; 
but  of  course  a  great  many  claims  have  been  passed 
over  in  ignorance. 

March  1860. 


CONTENTS  OF  THE  SECOND  VOLUME. 


CHAPTER  VIII. 


FEELING  AND  THINKING. 

PaRe 

Object  and  scope  of  the  inquiry-Psychology  and  Physiology  two  sepa- 
rate sciences— The  Brain  not  the  exclusive  organ  of  the  Mmd :  the 
two  established  doctrines  -  What  is  nerve  force  ?-Structure  of  the 
Nervous  System— Are  nerves  conductors  only,  and  what  do  they  con- 
duct?—Error  of  lUtening  nerves  to  the  conducting-ivires  of  a  battery 
—Independent  action  of  nerves— NeurUity  the  property  of  a  nerve- 
Sensibility  the  property  of  a  nerve-centre  —  The  distinction  between 
property  and  function— Refutation  of  the  supposed  distinction  between 
sensory  and  motor  nerves— Where  is  the  Sensorium  ?— Opinions  of  elder 
writers ;  modem  opinions— Proof  that  Sensibility  depends  on  histolo- 
gical, not  on  morphological  structure,  and  that  all  nerve-centres  possess 
it  — Sensibility,  Sensation,  and  Consciousness —Ambiguities  of  lan- 
guage :  different  meanings  of  "Consciousness  "—Can  there  be  sensations 
of  which  we  are  unconscious  ?— Sensation  and  Perception— Unperceived 
sensations-The  Law  of  sensibility— Reflex  actions  and  Reflex  feelings 
-Sensations  unattended  to  in  reverie  and  sleep  —  Illustrations  of 
sleepers  being  conscious  of  sensations— General  consciousness :  Sys- 
temic- Sensations  :  the  feeling  of  existence  —  Systemic-consciousness, 
Sense-consciousness,  and  Thought  -  consciousness  —  Note  to  Chap- 
ter VIIL,   


CHAPTER  IX. 


THE  MIND  AND  THE  BRAIN. 


SECTION  I.— THE  CEREBRUM. 


Recapitulation— Prejudice  respecting  the  Brain  as  the  sole  organ  of 
Mind— Three  sources  of  our  knowledge  :  Experiment,  Disease,  C 
parative  Anatomy— Description  of  the  Brain— Evidence  of  Compara 
Anatomy  against  the  idea  of  the  Brain  as  the  sole  seat  of  sensation 


vi 


CONTENTS. 


Page 

will— Nervous  systems  of  Mollusc  and  Beetle  compared— Weight  of  the 
Brain— The  convolutions  ;  are  they  the  seat  of  intelligence?  —  Func- 
tions of  the  Cerebrum — Effect  of  pressure  ou  the  Brain  :  curious  case 
—The  researches  of  Flourens— State  of  Animals  when  the  Cerebrum  is 
removed  —  Persistence  of  sensation  and  volition  after  removal  of  the 
Cerebrum — Experiments  of  Flourens,  Bouillaud,  Longet,  and  Dalton — 
Relation  of  the  Cerebrum  to  the  nerves— Forms  of  Sensibility  peculiar 
to  the  Cerebrum— Intellect  and  Emotion— How  can  identical  convolu- 
tions have  different  functions  ?— Phrenology— Explanation  of  the  diffi- 
culty—Eelation  of  the  Intellect  to  the  Senses,  and  of  the  Emotions  to  the 
Viscera— Other  functions  of  the  Cerebrum,  81-120 


CHAPTER  IX. 

(Continued.) 

THE  MIND  AND  THE  BEAIN. 

SECTION  II. — THE  CEREBELLUM  AND  MEDULLA  OBLONGATA. 

Description  of  the  CerebeUum- Gall's  hypothesis— Experiments  of  Flourens 
to  prove  that  the  Cerebellum  co-ordinates  muscular  movements  :  argu- 
ments against  such  an  hypothesis— Flat  contradictions— The  experi- 
ments of  Schiff- Evidence  fm-nished  by  Comparative  Anatomy  ;  and  by 
Disease— Absence  of  the  Cerebellum  not  accompanied  by  absence  of  co- 
ordination :  Combette's  case— The  Cerebellum  as  a  seat  of  sensation 
and  volition  —  Has  the  Cerebellum  any  share  in  inteUectual  opera- 
tions ?— Description  of  the  Medulla  oblongata— Is  the  Medulla  distinct 
from  the  Spinal  Chord  ?— The  Medulla  a  seat  of  volition— Why  it  is  con- 
sidered a  seat  of  sensation— Is  there  a  "vital  point ? "—Experiments  of 
Flourens  contradicted  by  the  exjieriments  of  Schiff  and  Broivn-Sfequard— 
Influence  of  the  Medulla  on  the  heart's  action— Why  a  "  shock  "  of  grief 
or  joy  causes  death— Pain  the  cause  of  death— Summary  of  the  functions 
of  the  Brain  


CHAPTER  IX. 


{Continued.) 


THE  MIND  AND  THE  BRAIN. 


SECTION  III.— THE  SPINAL  CHORD  AND  ITS  FUNCTIONS. 

Structure  of  the  Spinal  Chord-Imperfection  of  oiu-  microscopical  know- 
ledge- Difference  between  an  organism  and  a  mechaiusm  :  the  organic 
mechanism  is  vital  and  sensitive-Theory  of  Reflex-Action:  Marshall 
Hall  Miillcr,  and  Prochaska-Error  of  excluding  sensation-Gramgcr  s 
advocacy  of  the  theory-Schroeder's  refles-flbres-Seusation  without  the 


CONTENTS. 


brain :  experiments  on  insects— Marshall  Hall's  exporimonts— Spon- 
taneous  motion  in  heacUess  animals — Reflex-action  in  the  Brain — Hydro- 
pholiia— Voluntary  and  involuntary  actions— What  is  volitional  control  ? 
— Volition  dependent  on  sensation— Growtli  of  a  volition— Control  over 
oiu-  thoughts— Involuntary  actions  becoming  voluntary— Spinal  Chord  a 
sensational  centre  :  views  of  earlier  writers ;  the  deductive  evidence ; 
the  inductive  evidence— Evidences  of  spontaneity  and  choice  in  decapi- 
tated animals — Two  centres  of  sensibility  established  in  one  animal  

Are  walking  and  swimming  reflex-actions  ?— Experiments  on  puppies 
and  rabbits— Examination  of  the  evidence  against  the  sensibility  of  the 
chord— Wliat  share  has  the  Spinal  Chord  in  our  actions  ?— Note  to  Chap- 
ter IX.,  Section  III.,  151-272 


CHAPTER  X. 
OUR  SENSES  AND  SENSATIONS. 

How  many  senses  have  we  ?— Definition  of  tenns— New  classification  of  the 
sensations— Okganic-sensations— The  Muscular  Sense :  proofs  of  its 
existence ;  experiments  to  show  that  its  seat  is  not  the  skin,  but  tho 
muscles — Electrical  disturbance  causing  nervous-action  —  Surface- 
sensations  :  various  sensibilities  of  the  skin— Touch  :  tactile  corpus- 
cles not  organs  of  touch  ;  how  we  localise  all  our  sensations  :  all  sensa- 
tions referred  to  the  surface ;  feelings  in  amputated  limbs  ;  some  parts 
of  the  skin  more  sensitive  than  others— Feeling  of  "pins  and  needles  " 
in  the  leg— Taste  :  organ  of ;  savoury  substances  must  be  soluble ; 
dare  we  trust  our  instinct  in  taste  ?  after-tastes— Smell  :  organ  of ; 
are  the  olfactory  nerves  the  nerves  of  smell  ?— Are  they  nerves  at  tdl  ? 
—Example  of  perfect  sense  of  smell  in  the  absence  of  the  olfactory 
nerves— Odorous  substances— Variations  and  uses  of  smell— Hearing  : 
organ  of;  cases  of  perforated  tympanum  ;  varieties  in  sounds;  a  musi- 
cal ear ;  eflTect  of  sounds  on  the  emotions  ;  subjective  sounds  ;  direction 
of  sounds,  and  how  discriminated— Sight  :  organ  of— Are  images  trans- 
mitted to  the  brain?— Description  of  the  Retina— Is  it  nervous  ?— It  is 
insensible  to  Light ;  \'ision  commences  in  a  change  of  temperature — 
Subjective  vision  :  curious  examples— Single  vision  with  two  eyes  :  the 
paradox  explained— Wliy  are  objects  not  seen  inverted ?— Colour-blind- 
ness—Psychological  importance  of  the  new  view  of  the  senses,     .  273-345 


CHAPTER  XI. 
SLEEP  AND  DREAMS. 

lat  is  sleep?— Sleep  and  Death— Characteristics  of  sleep— Irresistible 
nature  of  the  demand  for  sleep— Story  of  Dr  Solander— Sleep  under  con- 
trol—Heat and  cold  predisposing  causes— Duration  of  sleep— Instances 
of  refreshment  from  "  forty  winks"— Sleep  of  children  and  old  people- 
Is  sleep  the  period  of  repair?— Error  of  the  ordinary  opinion— Influence 
of  sleep  on  the  organism— A  now  theory  of  dreaming,     .      .      .  346-374 


viii 


CONTENTS. 


CHAPTEE  XII. 


THE  QUALITIES  WE  INHEKIT  FROM  OUR  PARENTS. 

P»se 

The  contradictory  statements  cnrrent-Mr  Buckle's  ^^j^.-^tion  of  the  Law 
ine  conwiiuii-L  J  „j_TUe  general  characteristics  which  are  in- 

of  inheritance  ^''<'^^f-gf_f^lii^^ti.^,  inherited-Are  the  effects 
herited-Differences  m  famdie^^^^^^  inherited-Influence  of  the 

of  accident  — ^^'^^^-^t IdTotj^crasies  inherited-Longevity  in- 
second  paren  -Vices  Dxseas^^  respective  influences  of  father 

exists,  


CHAPTER  XIII. 


LIFE    AND  DEATH. 


life-Life  of  the  parts  and  life  of      J'^^e  ^^^^^^ 
Vegetal  and  Animal  Life-Criticism  "^.^^^^f  J'^f^'^'^ed  to  animal 
ani  symmetrical;  the  l"^- /"^ -^^^^^^^^^.^IIdS^^ 
functions-Life  in                    1^,^011 't^^ 
The  four  Ages-Longe^aty-01d  Age  Deatu     ^^^^  ^^^^ 
Life-Death  of  the  parts-Death  of  the  organism  ^Vi>     ^  ^ 
Signs  of  Death— Conclusion,  


INDEX, 


455 


THE 


PHYSIOLOGY  OF  COMMON  LIFE. 


CHAPTER  VIII. 

FEELING  AND  THINKING. 
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In  the  migiity  web  of  things  there  are  no  threads 
more  wonderful  than  Sensation  and  Thought ;  nor 
have  any  more  constantly  solicited  the  attention  of 
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FEELING  AND  THINKING. 


pliilosopliers,  from  the  earliest  dawn  of  speculative 
inquiry  to  the  angry  contests  of  to-day.  They  have 
been  problems  ever-alluring  and  ever-baflling :  one 
moment  the  threads  seemed  to  be  within  the  easy 
grasp  of  an  outstretched  hand,  only  to  vanish  again 
into  the  inextricable  confusion  of  tangled  mystery. 

Feeling  and  Thinking  are  of  too  profound  an 
interest,  and  too  closely  alHed  with  all  vital  pheno- 
mena, not  to  find  a  large  place  in  the  "  Physiology  of 
Common  Life."    But  what  place  must  we  give  them? 
How  must  these  difficult  subjects  be  treated  ?  Their 
very  depth  and  extent  of  interest  oblige  us  to  select 
only  those  aspects  which  fall  strictly  within  the  scope 
of  this  work.    They  have  psychological  aspects,  and 
physiological  aspects,  both  of  great  importance  ;  but 
as  our  business  here  is  not  to  discuss  any  but  physio- 
logical problems,  we  must  leave  untouched  the  discus- 
sion of  the  many  vexed  questions  of  Psychology,  and 
confine  ourselves  to  what  are  strictly  the  physiological 
aspects  of  Thought  and  Sensation. 

Psychology  is  the  science  of  Mind ;  Physiology  is 
the  science  of  Life.  All  who  recognise  the  former  as 
a  science,  declare  its  aim  to  be  the  elucidation  of  the 
laws  of  Thought,  the  nature  of  the  Soul,  and  its  pre- 
rogatives. This  science  may  seek— and  I  follow  those 
who  think  it  ought  to  seek— important  means  of  in- 
vestigation in  the  laws  of  Physiology ;  just  as  Physio- 
logy itself  must  seek  important  aids  in  Chemistry  and 
Physics.  But  as  an  independent  branch  of  inquiry, 
"its  results  cannot  be  held  amenable  to  physiological 
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canons ;  their  validity  cannot  be  decided  by  agreement 
or  disagxeenient  with  physiological  laws.    To  cite  an 
example:  Psychology  announces  that  the  mind  has 
different  faculties,  and  that  each  of  these  faculties  may 
have  a  temporary  exaltation,  or  a  temporary  suspen- 
sion.   This  fact  seems  established  on  ample  evidence, 
and  is  valid  in  Psychology,  although  hitherto  no  cor- 
responding fact  in  Physiology  has  been  discovered — 
neither  the  anatomy  of  the  brain,  nor  any  knowledge 
of  the  brain's  action,  can  be  adduced  as  furnishing  the 
evidence  ;  and  if  Psychology  were  absolutely  amenable 
to  the  conclusions  of  Physiology,  we  should  here  have 
to  doubt  one  of  the  most  indisputable  of  psychological 
facts.    On  the  other  hand,  it  is  no  less  certain  that' 
the  physiology  of  the  Nervous  System  must  be  studied 
free  from  all  control  on  the  part  of  psychologists. 
If  we  do  not  prescribe  conclusions  for  them,  neither 
must  they  prescribe  conclusions  for  us.    To  them  we 
leave  the  laws  of  thought.    To  us  they  must  leave  the 
difficult  task  of  ascertaining  the  relation  between  Sen- 
sation and  the  various  parts  of  the  Nervous  System, 
After  this  explicit  statement  of  the  object  and  scope  of 
the  following  chapters,  I  trust  no  psychologist  will 
object  to  my  conclusions  if  they  fall  short  of,  or  run 
counter  to  his.    He  must  consider  himself  out  of 
court.    Our  science  does  not  pretend  to  cope  with  the 
mysteries  of  his.    Those  mysteries  will  most  probably 
for  ever  remain  unsolved ;  meanwhile  the  labours  of 
physiologists  have  made  it  possible  that  there  should 
at  least  a  science  of  those  vital  phenomena  con- 
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nected  with  tlie  Nervous  System  ;  and  "  thus,"  to  use 
the  fine  expression  of  Professor  Huxley,  "from  the 
region  of  disorderly  mystery,  which  is  the  domam  of 
ignorance,  another  vast  province  has  been  added  to 
science,  the  realm  of  orderly  raystery." 

The  reader  will  have  remarked  that  the  Nervou.s 
System  is  mentioned,  and  not  simply  the  Brain  ; 
although,  inasmuch  as  the  Brain  is  universally  held  to 
be  the  organ  of  the  Mind,  the  sole  centre  of  Sensation 
and  Thought,  there  might  seem  to  be  no  reason  for 
our  treating  m  other  part  of  the  Nervous  System  m 
this  inquiry.    My  reason  is  simple :  I  do  not  agi-ee  m 
tHs  opinion  respecting  the  Brain  as  "  the  organ  of 
the  mind.    One  of  the  principal  conclusions  to  which 
fact  and  argument  wiU  direct  us  in  these  pages  will  be, 
that  the  Brain  is  only  one  organ  of  the  Mind,  and  not 
by  any  means  the  exclusive  centre  of  Consciousness. 
I  am  aware  of  the  paradoxical  air.  such  a  statement 
must  have  in  these  days  ;  because  the  hypothesis  that 
the  Brain  is  the  sole  organ  of  Consciousness,  after  hav- 
ing been  execrated  as  a  heresy,  and  having  had  to  battle 
through  a  stormy  period  of  illiberal  opposition,  ha3 
now  settled  down  among  the  respectable  and  respected 
conclusions  of  philosophy.    If  I  venture  to  dispute, 
and  disprove,  this  conclusion,  it  is  because,  after  havmg 
for  many  years  devoutly  believed  it,  I  have  been  gra- 
dually led,  in  the  course  of  very  vaiious  researches,  not 
.     only  to  a  different  conception,  but.  also  to  understand 
the  source  of  the  original  error. 

If  will  be  understood  that  by  the  word  Mmd  we  do 
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not  designate  the  intellectual  operations  only.    If  the 
term  were  so  restricted,  there  would  be  little  objection 
to  our  calling  the  Brain  the  organ  of  the  Mind.  But 
the  word  Mind  has  a  broader  and  deeper  signification  ; 
it  includes  all  Sensation,  all  Volition,  and  all  Thought: 
it  means  the  whole  psychical  Life  ;  and  this  psychical 
Life  has  no  one  special  centre,  any  more  than  the  physi- 
cal Life  has  one  special  centre  :  it  belongs  to  the  whole, 
and  animates  the  whole.    The  Brain  is  a  part  of  this 
whole,  a  noble  part,  and  its  functions  are  noble ;  but 
it  is  only  the  organ  of  special  mental  functions  ;  as  the 
lirer  and  the  lungs  are  organs  of  special  bodily  func- 
tions.   It  is  a  centre,  a  great  centre,  but  not  the  centre. 
It  is  not  the  exclusive  Sensorium.   Its  absence  does  not 
imply  the  absence  of  all  consciousness,  as  I  shall  prove 
by  experiment.    It  cannot  therefore  be  considered  as 
the  organ,  but  only  as  one  organ  of  the  Mind. 

The  ancients  seem  to  me  to  have  been  nearer  the 
truth  than  the  moderns  ;  they  made  Mind  one  form  of 
Life.  Their  animus,  mind,  was  but  a  form  of  anima, 
soul  or  life.*  In  the  Greek  writers,  the  word  soul  {-^mx^) 
is  used  to  express  a  Vital  Principle.  And  this  use  of  the 
word  has  become  traditional ;  but  is  discarded  by  the  phy- 
siologists and  psychologists,  who  not  only  separate  Mind 
from  Life,  but  give  Mind  a  special  centre— the  Brain. 

This  doctrine  of  the  Brain  is  understood  in  two  dif- 
ferent ways  by  two  contending  schools.  The  one  re- 
gards the  Brain  as  the  original  agent;  the  other 

*  "  Nunc  animum  atque  animam  dico  conjuncta  teneri 
Inter  se,  atque  unam  uaturam  conficere  ex  se." 

Lucretius,  iii.  137. 
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regards  it  as  the  intermediate  instrument.  According 
to^'tlie  one,  tlie  Brain  tMnks  as  the  stomach  digests. 
According  to  the  other,  the  Brain  is  the  instrument 
of  Thought,  played  upon  by  the  Mind,  as  a  piano  is 
played  upon  by  a  musician.    These  two  schools,  how- 
ever opposed,  meet  on  neutral  ground  when  they  come 
to  Physiology.    It  matters  little  which  side  we  take  : 
the  observed  phenomena  are  the  same,  whether  the 
brain  be  regarded,  as  an  organ,  or  an  instrument.  A 
piano  out  of  tune  will  yield  discordant  music,  let  the 
performer  be  never  so  skilful.    A  penny-whistle  can 
never  have  the  clang  of  a  trumpet.    It  is  obvious, 
therefore,  that  on  the  structure  and  state  of  the  instru- 
ment will  depend  the  quality  of  the  sounds  produced. 
This  conclusion  is  the  only  one  which  concerns  the 
physiologist ;  he  is  not  boimd  to  decide  between  the 
two  contending  schools  ;  he  is  only  bound  to  ascer- 
tain, if  possible,  what  functional  relation  exists  between 
Mind  and  Brain.   As  far  as  I  have  been  able  to  see 
into  tHs  matter,  the  Brain  is  the  most  important  organ 
in  a  complex  apparatus  of  organs-the  Nervous  System ; 
and  this  Nervous  System  has  one  general  property- 
Consciousness.    There  are  various  special  forms  of  Con- 
sciousness, but  they  are  all  intimately  allied.  Those 
forms  of  Consciousness  which  we  class  under  the  head 
of  Intelligence  and  Emotion,  are  mainly,  if  not  wholly, 
dependent  on  the  Brain ;  but  there  are  other  forms  of 
Consciousness  besides  these,  there  are  other  centres  of 
Sensation  and  Volition  besides  the  Brain. 

The  evidence  on  which  I  venture  to  depart  so  widely 
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from  the  established  doctrine,  will  be  brought  forward 
iu  the  course  of  the  following  pages  ;  meanwhile  this 
explicit  statement  of  the  point  of  view  adopted  will 
keep  the  attention  alert,  and  will  also  explain  why  the 
Nervous  System  in  general,  and  not  the  Brain  only, 
must  occupy  us.  It  is  a  system  eminently  deserving 
of  study.  By  its  agency  we  are  brought  into  those  re- 
lations with  the  external  world  which  give  rise  to  Sensa- 
tion. It  also  regulates  and  co-ordinates  all  the  processes 
of  life.  It  gives  unity  to  the  wondrous  multiplicity  of 
organs  and  their  actions,  making  each  depend  on  each, 
and  all  co-operate  to  one  end.  It  bestows  on  animals 
their  respective  rank  in  the  scale  of  beings  :  the  more 
perfect  development  of  this  system  is  the  invariable  index 
of  a  more  complex  and  effective  organisation,  since  by 
it  a  multiplicity  of  different  organs  is  reduced  to  unity. 

I.  The  aSTATUKE  of  the  Nerve-foece. — What  is 
the  force  which  acts  in  the  nerves,  and  which  brings 
various  parts  of  the  organic  mechanism  into  union  ? 
From  the  earliest  days  of  Science  there  have  been 
hypotheses  explaining  the  nature  of  this  force.  The 
hypothesis  of  "Animal  Spirits''  reigned  undistm-bed 
for  centuries.  These  spirits  were  said  to  be  secreted  by 
the  grey  surface  of  the  Brain  ;  then,  descending  down 
the  Spinal  Chord  to  the  nerves,  they  retm^ned  back  the 
same  way.  When  a  nerve  was  tied,  or  divided,  the 
passage  of  the  animal  spirits  was  prevented.  This 
hypothesis  is  dethroned ;  but  let  no  one  insult  it :  erro- 
neous it  may  have  been,  but  it  served  its  purpose  as  an 
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hyiDOthesis,  and  helped  to  explain  the  obsei-ved  facts 
quite  as  well  as  any  succeeding  hypothesis  has  done. 
The  "nervous  fluid"  which  replaced  it  was  not  a 
whit  more  scientific  ;  and  the  hypothesis  that  Electri- 
city is  the  nerve-force,  although  having  more  evidence 
in  its  favour,  is  open  to  still  more  serious  objections, 
because  it  inevitably  tends  to  confuse  and  mislead  both 
theory  and  practice.    Whether  nerve-force  be,  or  be 
not,  identical  with  Electricity,  must  for  the  present  be 
considered  an  open  question.*    But  we  must  bear  in 
mind  that  even  should  the  evidence  finally  turn  out  to 
be  in  favour  of  the  electrical  hypothesis,  the  physiolo- 
gist would  still  have  to  consider  nerve-force  as  some- 
thing special— if  it  be  electricity,  it  is  electricity  under 
certain  special  conditions,  which  give  it  a  distinctive 
character,  only  found  in  the  living  nerve.    It  wiH 
always  be  nerve-force  for  him  ;  as  hght  will  always  be 
Ught  to  the  student  of  optics,  although  the  philosopher 
may  prove  light  to  be  correlated  with  heat  and  motion. 

For  reasons  presently  to  be  adduced,  it  will  be  of 
great  advantage  to  have  a  particular  name  for  this 
nerve-force  ;  and  as  I  shall  show  that  what  is  com- 
monly expressed  by  the  term  "nerve-force"  is  really 
decomposable  into  two  very  different  forces,  correspohd- 
ing  to  two  very  difi'erent  nerve-tissues,  I.  propose  two 
names  :  Sensibility  (already  in  use,  although  restricted 
to  the  Brain),  as  the  property  of  ganglionic  substance  ; 

*  See  the  arguments  pro  and  con  in  LUDWIG :  Lehrhuch  der  Physwl. 
TODD  and  Bowman:  Physiological  Anatomy.  Lokget  :  Traiie  de 
Fhydologie.   Funke  :  Ldirhuch  der  Physwl. 
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and  JSfeurility,  as  the  property  of  nerve-fibre.  If 
the  etymology  of  the  latter  term  is  open  to  exception, 
the  advantage  of  its  being  readily  intelligible,  and  of 
going  well  with  Sensibility  and  Contractility,  may  be 
a  compensation.  Of  course,  no  stress  is  laid  on  this 
innovation :  it  is  simply  suggested  as  a  convenient 
term,  requisite  to  give  precision  to  our  language  when 
talking  of  complex  nerve-actions. 

When  a  nerve-fibre  is  stimulated,  its  Neurility  is 
called  into  play.  If  the  fibre  be  in  connection  with 
the  Brain,  or  Spinal  Chord,  the  effect  is  a  sensation. 
If  the  fibre  be  in  connection  with  a  muscle,  the  effect 
is  contraction.  If  the  fibre  be  in  connection  with  a 
gland,  the  effect  is  secretion. 

But  before  this  can  be  fuUy  appreciated,  we  must 
describe  the  general  characters  of  the  Nervous  System. 

II.  Steuctuee  of  the  ISTeevous  System. — The 
nervous  system  is  composed  of,  1°,  nerves,  and,  11°, 
ganglia,  or  centres.  The  nervous  tissues  (for  there  are 
two)  are  composed  of  nerve-fibres  and  nerve-cells.  Fig. 
34  (on  the  next  page)  represents  a  spinal  ganglion 
with  nerve-trunks  :  the  ganglion  is  seen  to  be  com- 
posed chiefly  of  cells  ;  the  nerve-trunks  of  fibres. 

These  nerve-fibres,  which,  when  arranged  in  bundles, 
and  enveloped  in  a  sheath  of  connective  tissue,  form 
nerves  and  nerve-trunks,  are,  strictly  speaking,  cylin- 
ders, containing  a  more  or  less  liquid  substance. 

The  appearances  represented  in  fig.  35  diiffer  from 
those  of  the  fibres  in  fig.  34.    They  are,  however,  what 
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is  always  seen  under  the  microscope,  after  the  tissue 

has  been  subjected  to 
pressure.  The  fibres 
present  a  varicose  as- 
pect, which  arises  from 
the  semi -liquid  con- 
tents being  displaced. 
The  size  of  the  fibres 
varies  considerably. 

^Vhether  nerve-fibres 
are  fibres,  or  tubules* 
is  a  question  we  can- 
not pause  to  consider 
here,  since  it  is  one 
which  at  present  can 
have  but  an  anatomi- 
cal interest.    For  the 
sake  of  convenience  we 
may  speak  of  them  as 
fibres.    In  bundles  of 
greater  or  smaller  cali- 
bre  they  form  nerves  ; 
and  isolated,  or  united, 
they  have  one  constant 

A  Spinal  Ganglion,  with  its  two  roots—  ■py.Q-.jgi.tv  wMch  I  prO- 
posterior  A  and  anterior  B.  r     I  J> 

(After  Leydig.)  posc  to  name  NeurUity. 

The  ganglia,  or  centres,  are  chai-acterised  by  a  very 

*  Leeuwenhoek  (Select  Worh,  ii.  303)  was  the  first  to  describe 
tliem as  tubules;  and  Ehrenbeuo  subsequently  re%'ived  that  opiuion. 
It  is    however,  a  delicate  and  difficult  question,  and  turns  upon 
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different  tissue  ;  namely,  cell^  and  granules.  Of  tlie 
grannies  I  can  here  say  nothing,  except  that  they  are 

Fig-.  35. 


Nerve-Fibres  from  white  substance  of  the  Brain. 
a  a  a  the  semi-liqiild  contents  pressed  out  and  floating  as  irregular  drops. 

(After  Daltou.) 

too  often  neglected  as  of  no  account.  The  cells  are 
peculiar,  and  often  readily  distinguishable  from  all 
other  animal  cells.    In  size  they  vary  from  the  300th 

whether  the  thread  which  we  find  forming  the  central  axis  of  the  nerve- 
fibre  is  normal,  or  the  product  of  coagulation.  Comp.  Bidder  und 
KuPPFER  :  UiUersuchnngen  uher  die  Textiir  des  Riickenmarls,  p.  28  ; 
and  KoLLiKER  :  Gewebele/i/re,  1859,  p.  278.  Indeed,  on  this  as  on  most 
questions  connected  with  the  histology  of  the  nervous  system,  the 
student  will  find  an  immense  mass  of  material,  the  following  being  the 
most  important :  — Kolliker  :  Milros.Anat.  and  Gewehelehre.  Leydig: 
Lehrhuch  der  nisiologie.  Gerlach  :  Gewehelehre.  Stilling  :  Ueier 
den  Ban  der  JVerven-primitiv-faser.  Bidder  und  Kdppfer  (as  above). 
Lemhossek:  Memoire  sur  la  Struchu-e  intime  de  la  Moelle  ejnniere  in 
the  Annates  des  Sciences,  1857,  tome  vii.  Faivre  :  Ilistologie  du  Sys- 
thneNerveux.  Todd  and  Bowman  :  Phj/siological  Anamty.  Unhappily 
everybody  differs  from  everybody  on  more  than  one  point;  and  the 
student,  if  sincere,  will  often  find  himself  difiering  from  them  all. 
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to  the  4000t]i  of  an  inch.  In  shape  they  also  vary. 
Here  are  two  from  the  grey  matter  of  the  spinal 
chord.  They  are  seen  to  send  off  prolongations  of 
their  substance  in  various  directions,  and  sometimes 
one  of  these  forms  the  union  between  two  cells, 
as  in  c,  fig.  36.    It  is  also  taught  by  most  writers  that 


rig.  36. 


Nebve-Cells  prom  Spikal  Chord.— (After  Gratiolet.) 


these  prolongations  are  the  beginning,  or  the  ending, 
of  nerve-fibres  ;  in  other  words,  that  the  connection 
between  fibres  and  cells  is  always  of  this  direct  kind  * 
In  fig.  34)  we  have  this  theoretical  view  represented. 
Without  disputing  the  statement  that  fibres  are  some- 
times traced  thus  in  connection  with  cells,  I  have  to 
declare  that,  in  more  than  a  thousand  preparations,  I 
have  only  seen  it  half-a-dozen  times;  thefefore,  to 
make  this  supposed  connection  between  cells  and  fibres 

*  For  the  literature  of  this  subject  see  Stilling  :  Nerven-primitiv- 
faser,  p.  101-3  ;  or  Schroeder  van  deu  Kolk  :  Ban  unci  Ftindionen 
der  Medulla  Spinalis  und  Oblongata,  1859,  pp.  5  el  seq. 
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the  basis  of  any  pliysiological  inferences,  will  be  in  the 
hio-hest  degree  incautious.  Yet  this  is  what  many  Ger- 
man and  French  writers  are  now  doing.  The  ordinary 
aspect  of  cells  and  fibres  in  a  ganglion  is  more  like  fig.  37. 

Fig.  37. 


Ganglionic  Stbucthbe. — (After  Dalton.) 


These  cells,  and  the  granules  in  which  they  are  im- 
bedded, have  a  greyish  colom- ;  and  it  is  to  them  that 
what  is  called  the  grey  or  "  cineritious  "  matter  of  the 
Brain  and  Spinal  Chord  owes  its  name.  There  are, 
however,  certain  grey  fibres  very  abundant  in  the 
sympathetic  system.  Nevertheless  it  may  be  under- 
stood that  when  the  grey  matter  is  spoken  of,  the  cel- 
lular or  ganglionic  substance  is  meant ;  when  the 
white  matter  is  spoken  of,  nerve-fibres  are  meant. 

A  nerve-centre  is  a  ganglion,  or  mass  of  ganglia 
fused  together.  It  has  everywhere  the  same  property, 
which  is  Sensil^ility.    The  chief  centres  are  congre- 
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gated  together  witMn  the  skull  and  spine,  forming 
•what  is  called  the  cerebro  -  spinal  axis.  A  general 
idea  of  this  axis,  and  the  principal  nerves  which  issue 
from  it,  may  be  seen  in  fig.  38,  on  the  opposite  page. 

III.  Are  the  Nerves  Conductors  only?  and 
WHAT  do  they  conduct  ?— Nerves  are  very  generally 
likened  to  telegraphic  wires,  carrying  messages  to  and 
from  the  centres,  or  to  the  conducting  vnres  of  a  gal- 
vanic battery.*    But,  except  as  a  loose  and  superficial 
analogy,  this  is  not  acceptable ;  and  it  is  based  on  a 
misconception  so  important  that  we  must  pause  a 
moment  to  consider  it.    The  misconception  is,  that  the 
centres  produce  a  force  which  the  nerves,  as  passive 
conductors,  transmit.    The  analogy  is  to  the  plates  of 
a  battery  producing  the  electricity,  which  the  wires  con- 
duct.   I  think  there  is  ample  and  decisive  evidence  to 
show  that  the  nerves  have  a  force  of  their  own,  the 
property  of  their  tissue,  which  is  far  from  being  the 
product  of  nerve-centres,  and  is  wholly  unlike  that 
produced  by  the  centres. 

If  we  cut  off  the  leg  of  a  frog  recently  kiUed,  and 

*  In  many  cases  this  metaphor  has  been  an  hypothesis.  The  Itahan 
anatomisb  Rolando  claims  the  merit  of  not  only  having,  before  Sir 
Charles  Bell,  distinguished  the  two  kinds  of  nerves,  but  also  of  having 
asserted  each  to  be  conductors  of  two  kinds  of  electricity,  positive  and 
negative.  Rolando  :  RicercJie  anaiomidu:  sulla  struUura  M  Mulclo 
spinale,  1824,  p.  4.  The  conception  of  the  Brain  as  a  galvanic  battel^ 
of  which  the  nerves  are  the  conducting  wu^,  is  often  attributed  to  Sir 
John  Hei-schcL  It  was  an  obvious  conception  when  once  the  nerve- 
force  was  supposed  to  be  identical  with  electricity ;  and  it  haa  been 
very  misleading. 
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dissect  out  a  portion  of  its  sciatic  nerve,  as  in  fig.  39,  N, 
-Pi^_  39       it  will  be  easy  to  show  that  this  nerve, 
„       ;  although  separated  fi-om  its  centre,  has 
i  still  its  peculiar  force  ;  for  no  sooner 
,/    are  the  two  poles  of  a  galvanic  battery 
brought  in  contact  with  this  nerve  (as  at 
a  and  &),  than  the  muscles  of  the  leg  are 
contracted,  as  they  would  be  contracted 
during  Kfe,  when  the  centre  stimulated 
the  nerve. 

Nor  must  it  be  supposed  that  this  con- 
traction occurs  because  the  nerve  conducts 
electricity  to  the  muscles.    The  same  effect 
will  follow,  under  proper  conditions,  if 
the  nerve  be  simply  pinched  or  pricked. 
Anything  which  stimulates  the  nerve, 
causes  the  muscles  to  contract.    But  if 
the  nerve  be  dead,  electricity  fails  to  cause  a  con- 
traction.    Claude  Bernard  found  that  the  woorara 
poison  had  the  effect  of  destroying  the  uTitabHity 
of  the  nerves,  and  leaving  the  muscles  unaffected  : 
when,  therefore,  he  had  poisoned  a  frog  with  woorara, 
the  galvanic  battery  applied  to  the  nei-ve  no  longer 
made  the  muscles  contract ;  but  applied  dii-ectly  to 
the  muscles,  it  made  them  contract.    Indeed,  one  of 
the  earliest  experiments  was  enough  to  sho^r  that  the 
force  in  the  nerve  does  not  come  from  the  centre,  but 
is  excited  in  the  nerve  itself   WiUis  tied  the  phrenic 
nerve,  and  found  that  the  diaphragm  was  moved  when 
the  nerve  was  irritated  heloiv  the  Hgatm-e— that  is,  be- 
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low  the  point  where  its  separation  from  the  centre  was 
efiected — but  no  motion  could  be  caused  in  the  dia- 
phragiQ  when  the  nerve  was  iiTitated  above  the  ligature. 

But,  it  may  be  asked,  did  not  this  nerve  which  we  see 
acting  when  separated  from  a  centre,  originally  receive 
its  force  from  that  centre?  and  is  not  the  force  which  we 
excite  in  it,  the  remains  of  what  has  been  produced  in 
the  centre,  and  accumulated  in  the  nerve  ?  The  answer 
is  an  unequivocal,  No.  If  the  nerve  were  merely  a 
reservoir,  and  not  a  spring,  it  could  never  recover  its 
force  after  having  once  been  exhausted  ;  but  exact  ex- 
periment has  determined  that  while  a  nerve  separated 
from  a  centre  may  be  so  exhausted  by  repeated  irrita- 
tions, that  it  ceases  to  produce  any  contractions  ;  yet  if 
it  now  be  allowed  repose,  under  proper  conditions,  it 
recovers  its  activity,  and,  on  being  irritated,  will  again 
cause  muscular  contractions.*  SchifF  found  that  a 
frog's  nerve,  which  had  been  separated  from  its  centre, 
but  not  otherwise  disturbed,  retained  its  power  of  ex- 
citing contractions  as  long  as  thirteen  weeks.  It  is 
therefore  impossible  to  regard  the  force  in  the  nerves 
as  a  residue  of  what  was  produced  in  the  centres,  see- 
ing that  the  nerve  itself  has  the  power  of  restoriiig  its 
wasted  force. 

When  the  conducting  wire  is  separated  from  the 
battery  it  loses  at  once  all  galvanic  power  :  it  is  a  bit 
of  wire,  and  it  is  nothing  more.  All  its  galvanism 
came  from  the  battery,  and  this  it  could  only  conduct, 

*  Cotnp.  ScHiFF  :  Lehrbuchder  Physiol,  i.  112. 
■    VOL.  IL  R 
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not  create.  But  tlie  nerve,  when  separated  from  its 
centre,  still  retains  its  force  :  any  irritation  of  such  a 
nerve  will  excite  that  force,  just  as  the  stimulus  from 
its  centre  would  excite  it.  The  battery  is  removed,  and 
lo  !  the  wire  is  found  to  be  galvanic. 

That  the  nerve  itself,  even  during  absolute  repose,  is 
the  workshop  of  a  development  of  force,  of  chemical 
and  electrical  changes,  has  been  demonstrated  by 
Dubois-Eeymond.    That  the  nerve,  so  long  as  it  is 
living,  so  long  as  the  necessary  nutritive  changes  can 
be  kept  up,  has  a  property  not  derived  from  the  centre, 
but  belonging  exclusively  to  the  nerve  itseE,  is  no  less 
demonstrable.    Without  implying  any  hypothesis  as  to 
the  nature  of  this  force,  I  have  called  it  Neurility  (in 
the  sense  of  excitability,  but  without  the  misleading 
suggestions  of  that  word).    Numerous  physiologists 
have  noticed  the  facts  which  prove  that  the  nerves  are 
something  more  than  passive  conductors,  but  I  am  not 
aware  that  any  one  has  seen  the  full  significance  of 
these  facts,  and  has  proposed  to  connect  them  with  a 
property  inherent  in  nerve-fibre,  and  essentially  difi'er- 
ing  from  the  property  inherent  ia  ganglionic  substance, 
or  nerve-cells.    In  a  paper  read  at  the  meeting  of  the 
British  Association  in  Aberdeen*  I  suggested  the 
desirableness  of  a  new  nomenclature  to  replace  the  very 
lax  expressions  now  in  use  ;  and  as  an  example,  the 
old  term  "  nerve-force,"  which  confounds  together  the 
activity  of  the  nerves  and  that  of  the  centres,  was 
shown  to  need  two  distinct  substitutes,  one  expressing' 

*  On  the  Necessity  of  a  Reform  in  I:\erve-Physiology.  ■~ 


NEURILITY  AND  SENSIBILITY. 


19 


the  activity  of  the  nerves — Neui-ility  ;  and  one  express- 
ing the  activity  of  the  centres — Sensibility. 

Neurility  simply  means  the  property  which  the 
nerve-fibre  has,  vphen  stimulated,  of  exciting  contraction 
in  a  muscle,  secretion  in  a  gland,  and  sensation  in  a 
ganglionic  centre. 

IV.  What  is  Sensibility  ? — This  very  interesting 
and  important  question  has  become  involved  in  a  cloud 
of  obscurities  which  would  vanish  if  that  strictness 
of  nomenclature,  to  which  I  have  just  alluded,  were 
adopted  in  physiology,  as  in  chemistry  and  physics. 
The  philosophic  reader  will  learn  with  surprise  that 
many  eminent  men  are  at  present  disputing  whether 
the  seat  of  sensation  is  itself  sensitive,  whether  the 
seat  of  intelligence  is  also  the  seat  of  consciousness,  and 
whether  there  are  not  separate  parts  of  the  spinal  chord 
devoted  to  the  transmission  of  sensibility — as  if  Sensi- 
bility were  a  thing  to  be  carried  from  one  part  of  the 
body  to  another  ! 

It  is  found  that  cutting,  pinching,  tearing,  or  galvan- 
ising the  grey  matter  of  the  brain  and  spinal  chord 
produces  no  sensation  whatever.  The  fact  is  doubtless 
surprising  at  first.  We  laiow  that  the  brain  is  a  seat 
of  sensation,  that  impressions  made  on  the  nerves  going 
to  the  cerebro-spinal  centres  produce  no  sensation  unless 
those  centres  are  affected  ;  yet  we  see  a  man  or  an 
animal  submit  without  the  slightest  wincing  to  have 
a  slice  of  Ms  brain  cut  off,  or  the  grey  matter  of  his 
spinal  chord  pricked  and  cut.    The  explanation  is  easy. 
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Sensibility  is  tlie  iuherent  property  of  the  ganglionic 
tissue  forming  the  grey  matter  of  the  nerve-centres. 
This  property  is  stimulated  into  activity  by  the  Neu- 
rility  of  the  nerves,  but  is  not  stimulated  by  those 
mechanical  irritations  which  suffice  to  stimulate  the 
nerves.    The  pinch,  or  prick,  which  awakens  the  acti- 
vity of  the  nerve-fibre,  leaves  the  nerve-cell  dormant. 
You  are  not  surprised  if  the  pistol  hangs  fire  when  the 
percussion-.cap  is  removed,  or  spoiled.    In  vain  the 
hammer  falls,  no  explosion  takes  place  ;  because,  to 
produce  an  explosion  of  the  gunpowder,  a  spark  is 
necessary,  and  that  spark  is  received  from  the  percus- 
sion-cap.   It  is  the  same  with  Sensibility.    The  ham- 
mer first  acts  on  the  cap  ;  the  cap  does  not  transmit  the 
hlow,  it  produces  a  spark,  and  the  spark  makes  the 
powder  explode  ;  the  irritation  acts  on  the  nerve,  the 
nerve  does  not  transmit  this  irritation,  it  has  its  own 
Neurility  excited,  and  this  awakens  the  Sensibility  of 
the  centre — when  the  nerve  goes  to  a  centre  ;  when  it 
goes  to  a  muscle  it  awakens  Contractility. 

It  is  absolutely  indispensable  that  we  should  bear 
distinctly  in  mind  this  fundamental  position  :  that 
Sensibility  is  the  property  inherent  in  ganglionic  tissue 
—the  one  peculiar  "  force "  belonging  to  all  nerve- 
centres,  as  Neurility  belongs  to  aU  nerves.  But  in 
order  to  a  right  comprehension  of  this  position,  as  well 
as  to  a  philosophical  investigation  of  the  many  pro- 
blems which  assail  us,  it  is  necessary  that  we  make 
another  reform  in  our  phraseology,  and  cease  to  con- 
found the  idea  of  property  with  that  oi  function. 
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The  property  of  a  nerve,  for  instance,  is  that  which 
belongs  to  it  as  a  nerve,  and  not  that  which  arises  from 
its  connection  with  any  other  organ  :  it  depends  on 
struckire,  as  the  elasticity  of  steel  depends  on  the 
structure  of  steel,  or  the  transparency  of  crystal  de- 
pends on  the  structure  of  the  crystal. 

The  function  of  a  nerve  is  very  different :  it  is  the 
use  to  which  that  property  may  be  applied  ;  and  de- 
pends on  the  connections  established  between  the  nerve 
and  other  parts. 

Property  is  invariable  so  long  as  the  structure  re- 
mains.* Functions  are  as  variable  as  the  varying 
nature  of  organic  connections. 

These  principles  are  elementary.  They  lead  at  once 
to  a  most  important  axiom  :  Identity  of  structure 
everywhere  implies  identity  of  properties. 

No  matter  how  different  the  uses  to  which  a  given 
substance,  say  iron,  may  be  applied,  it  always  and 
'  eveiywhere  retains  its  properties  as  iron  :  we  may 
:  fashion  it  into  nails,  anchors,  windlasses,  anvUs,  or 
I  cannon,  and  get  very  different  results  ;  but  the  pro-  ■ 
1  perties  of  iron  remain  persistent  through  all  these  dif- 
I  ferences  of  use.  This,  you  will  perhaps  remark,  is  a 
1  truism.  It  is  so  ;  and  yet  I  do  not  recall  a  single 
V  writer  on  the  nei-vous  system  who  has  not,  on  impor- 
tant occasions,  entirely  overlooked  it.  Two  examples 
1  will  suffice  to  show  this.  Physiologists  have  established 
I  a  distinction  between  sensory  and  motor  nerves,  which 

*  Under  identical  conditions,  of  course  ;  the  same  substance  under 
1  different  conditions  will  manifest  very  different  properties.  Hence 
t  allotropism. 
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distinction  many  of  tliem  refer  explicitly,  and  others 
implicitly,  to  a  difference  in  the  properties  of  these 
nerves  :  one  set  of  nerves  are  said  to  have  the  property 
of  conducting  sensitive  impressions,  and  the  other  set 
of  conducting  motor  stimuli— one  having  a  centripetal 
and  the  other  a  centrifugal  conductibility.    We  shall 
presently  examine  the  validity  of  this  supposed  distinc- 
tion ;  for  the  present  it  is  enough  to  say  that  although 
both  nerves  are  identical  in  all  fundamental  characters 
—although  their  structure  is  identical— physiologists 
have  no  misgiving  in  attributing  to  them  different  pro- 
perties ;  which  is  lite  saying  that  of  two  bars  of  iron 
forming  a  crank,  one  is  capable  of  being  rendered 
magnetic,  and  the  other  not. 

The  second  example  is  more  directly  to  our  pre- 
sent purpose.    Sensibility  is  ascribed  to  the  gan- 
glionic substance  of  the  Brain,  or  some  portion  of 
the  Brain,  and  denied  to  other  masses  of  ganglionic 
substance,  absolutely  identical  in  all  the  fundamental 
characters.    Nevertheless  no  physiologist,  to  my  know- 
ledge, has  been  aware  of  this  violation  of  a  first 
principle.    No  one  has  seen  that  to  rescue  this  opin- 
ion from  such  a  contradiction  he  must  prove  the 
gangUa  themselves  to  have  a  structural  distinction, 
corresponding  with  this  supposed  distinction  of  pro- 
perty.   Nor  could  this  be  proved.    The  contrary  is 
demonstrable.    There  is  no  fundamental  difference  : 
simHar   cells,  similar  granules,  simHar  fibres,  and 
similar  connective  tissue  are  found  in  the  one  and 
in  the  other  :  nothing  is  found  in  the  one  that  is  nob 
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in  the  other :  they  are  identical.  The  differences,  such 
as  they  are,  are  morphological,  not  histological — differ- 
ences of  form,  not  of  structure — and  it  will  hereafter 
appear  that  these  accessory  differences  do  not  affect 
fuudameutal  characters. 

It  is  simple  logic,  therefore,  to  conclude  that  there 
being  one  common  tissue,  there  must  b©  one  comvioii 
property,  in  Brain,  Medulla,  and  Chord,  however  various 
the  functions,  or  uses,  to  which  this  property  may  in 
each  case  be  applied.  Experiment  clearly  verifies  what 
logic  thus  deductively  concludes,  namely,  that  the 
Spinal  Chord  is  in  all  animals  a  seat  of  Sensibility ; 
and  in  some  animals  the  all-important  seat.  This  will 
be  demonstrated  in  a  future  chapter.  The  only  escape 
from  the  logic  of  this  argument  is  to  deny  that  Sensi- 
bility is  a  property  at  all ;  and  to  call  it  the  function  of 
certain  nerve-centres.  But  against  such  an  issue,  two 
obstacles  are  placed  :  First,  if  we  refuse  to  consider 
Sensibility  as  the  property  of  ganglionic  tissue,  we  shall 
have  to  declare  what  is  the  property  of  that  tissue, 
manifest  wherever  the  tissue  is  in  activity,  and  common 
to  all  nerve-centres  ;  Secondly,  I  shall  hereafter  show 
that  all  the  phenomena  we  indicate  by  the  term  Sensi- 
bility are  exliibited  when  those  nerve-centres,  generally 
supposed  to  be  its  exclusive  organs,  are  removed.* 

*  Until  the  reader  lias  considered  this  experimental  evidence  which 
proves  Sensibility  to  belong  to  all  the  centres,  I  must  ask  him  to  sus- 
pend judgment  on  this  important  point.  Indeed  I  may  say,  once  for 
all,  that  inasmuch  as  the  new  views  advocated  in  these  chapters  belong 
to  a  system  related  in  all  its  parts,  they  cannot  always  be  judged 
without  reference  to  the  whole. 
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Contractility  is  the  property  of  muscular  fibre  ;  and 
however  various  the  uses,  or  functions,  of  the  muscles — 
extensors,  flexors,  sphincters,  voluntary  or  involuntary 
— this  fundamental  property  is  found  in  all. 

Neurility  (i.e.  the  power  of  exciting  a  muscle,  a 
gland,  or  a  nerve-centre)  is  the  property  of  the  nerve- 
fibre  ;  and  however  various '  the  uses,  or  functions, 
which  various  nerves  may  serve — as,  for  example,  those 
of  sight,  hearing,  and  taste,  those  of  locomotion  and 
those  of  secretion — the  same  fundamental  character  is 
found  in  all. 

Sensibility  is  the  property  of  ganglionic  substance, 
and  however  various  the  uses,  or  functions,  which 
difi'erent  centres  may  serve— those  of  Respu-ation  being 
very  difi'erent  from  those  of  facial  Expression,  and  these 
again  from  those  of  Perception,  and  so  on — the  same 
fundamental  character  is  found  in  all. 

The  only  known  stimulus  which  will  excite  Sensi- 
bility in  a  centre,  is  that  of  the  active  nerve-fibre.  By 
this  means  impressions  on  the  skin  become  sensations 
in  the  centres.  By  this  means  one  centre  plays  on 
another  and  awakens  its  Sensibility  ;  an  impression  on 
the  skin  not  only  excites  a  sensation  in  the  spinal 
chord,  but  runs  up  the  brain,  and  there  excites  another 
sensation.  While  Sensibility  seems  capable  of  being 
awakened  only  by  this  one  stimulus,  Neurility  seems 
capable  of  being  awakened  by  a  variety  of  stimuli  ;  and 
among  these  we  must  reckon  the  activity  of  a  centre, 
for  no  sooner  is  a  centre  excited,  than  the  nerve-fibres 
in  connection  with  it  are  excited  also. 
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V.  Are  THERE  TWO  Kinds  of  Nerve  :  Sensory 
AND  Motor  ?  —  Before  proceeding  further  into  the 
interesting  question  of  Sensibility,  it  is  necessary  to 
notice  another  application  of  those  logical  canons 
which  ought  to  direct  our  investigations,  but  which 
here  also  have  been  strangely  overlooked. 

It  is  the  universal  opinion  of  physiologists,  that  there 
are  two  distinct  kinds  of  nerve,  named  respectively  the 
sensory  and  motor,  the  one  being  capable  of  exciting 
sensations,  but  no  motions ;  the  other  of  exciting 
motions,  but  no  sensations.  This  doctrine  dates  from 
Hippocrates  and  Galen,  and  has  received  continual 
support  from  the  frequent  cases  of  paralysis  in  which 
there  was  a  loss  of  sensibility  in  a  limb  without  loss 
of  motion,  or  a  loss  of  motion  without  loss  of  sensi- 
bility. A  terrible  case  came  to  my  knowledge  some 
years  ago.  The  patient  had  a  complete,  though  tem- 
porary, paralysis  of  motion,  while  preserving  his  sen- 
sibility unaffected.  He  lay  motionless,  and  had  the 
horror  of  hearing  with  painful  distinctness  all  that  was 
said  about  his  condition,  and  of  feeling  with  painful 
distinctness  all  the  stimulants  which  were  applied  to 
awaken  his  sensibility.  He  was  tortured  in  the  be- 
lief that  he  felt  nothing,  because  he  could  not  by  any 
movement,  or  cry,  express  the  pain  he  felt.  Fortu- 
nately this  condition  was  not  of  long  duration,  and  he 
recovered  sufficiently  to  indicate  the  suffering  to  which 
he  had  been  exposed.* 

•  In  the  French  translation  of  Sir  Charles  Bell's  Nervous  System  of 
ilie  Human  Body  there  is  an  interesting  record  of  a  man  who  from  a 
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Early  in  the  present  century  Sir  Charles  Bell  made 
an  anatomical  discovery  which  has  immortalised  him, 
and  which  seemed  to  furnish  the  final  scientific  con- 
firmation of  the  long-suspected  distinction  between 
the  two  sets  of  nerves.  It  would  lead  us  too  far  were 
we  to  enter  upon  the  history  of  this  famous  discovery  ; 
enough  for  the  present  if  a  brief  statement  of  what  is 
now  the  doctrine  of  the  schools  be  laid  before  the  reader. 

There  are  nerves  which,  on  being  stunulated,  excite 
muscular  contractions :  these  are  the  motor  nerves, 
and  we  can  follow  them  into  the  very  substance  of  the 
muscles,  where  they  end,  we  know  not  how.  There 
are  nerves  which,  on  being  stimulated,  excite  sensa- 
tions :  these  are  the  sensory  nerves,  and  we  can  follow 
them  into  the  skin,  or  the  organs  of  sense.  Finally, 
there  are  mixed  nerves,  which  excite  both  contractions 
and  sensations :  but  these,  although  their  fibres  are 
contained  within  a  common  trunk,  are  really  two  differ- 
ent nerves,  having  different  origins  in  the  centres, 
and  different  endings  in  the  muscle  and  skin.  For  the 
sake  of  simplicity,  we  vrill  confine  ourselves  to  the 
sensory  and  motor  nerves  which  issue  from  the  spinal 
chord  in  thirty-one  pairs,  and  which,  shortly  after  their 
issue,  unite  to  form  trunks. 

The  Spinal  Chord  is  formed  of  two  halves,  much  as 
the  cerebrum  is  formed  of  two  hemispheres.  Each 
half  sends  forth  its  own  pairs  of  nerves  ;  and  each  pair 

fall  had  entirely  lost  his  sensibility  on  the  right  side,  though  preserving 
his  power  of  movement ;  and  had  entirely  lost  the  power  of  movement 
on  the  left  side,  though  preserving  his  sensibility. 
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has  a  double  root— one  root  issuing  from  the  anterior 
cohimns  of  the  chord  (in  animals  the  under  part),  and 
the  other  root  from  the  posterior  columns  (in  animals 
the  upper  part).  In  fig.  40  the  anterior  and  posterior 
columns  are  represented  with  two  pairs  of  roots.  The 
anterior  root  A  is  seen  to  join  the  posterior  P  just 
below  the  ganglion  g,  after  which  the  two  become  one 


Fig.  40. 


Spinal  Nerves  and  Spinal  Chokd.— (Mter  Beriiaid.) 
1,  Anterior  view  ;  2,  posterior  view.  A  is  tlie  anterior  root  of  the 
nen-e,  and  P  the  posterior  root.  One  pair  in  eacli  figure  is  repi'esentecl 
witli  tlio  division  made  below  the  ganglion  (g).  The  other  pairs  are 
divided  above  the  ganglion.  At  c  and  d  are  aianients  connecting  two 
posterior  roots. 

trunk,  to  divide  and  subdivide  like  the  branches  of  a 
tree.  The  following  diagram  of  a  transverse  section 
through  the  Chord  will  render  the  arrangement  more 
intelligible.  These  posterior  and  anterior  roots  (fig.  41,  e 
and  cZ)  are  called  respectively  the  sensory  and  motor  roots. 
It  is  maintained  that  the  fibres  furnished  by  the  one  root 
have  the  power  of  transmitting  impressions  only  to  the 
Brain,  whereas  the  fibres  furnished  by  the  other  root 
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have  the  power  of  transmitting  impressions  from  the 
Brain  to  the  muscles  :  the  posterior  root  is  afferent. 


ric  41. 


Transverse  Seotion  of  Spinal  Chord  with  Nerve-Roots. 
(After  Dalton.) 

and  awakens  sensation,  but  never  motion ;  the  anterior 
root  is  efferent,  and  awakens  muscular  contraction,  but 
never  sensation.    The  assimied  jproof  of  this  important 

Fig.  42. 


position  is  as  follows  :  If  the  posterior  root  be  divided 
(as  at  a  h,  fig  42,  a)  before  the  union  with  the  other 
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root,  no  amount  of  irritation  of  the  cut  end,  a,  will 
produce  muscular  contraction,  but  the  slightest  irrita- 
tion of  the  cut  end,  h,  will  produce  sensation.  This 
shows  that  the  posterior  root  is  the  channel  for  sensitive 
impressions,  and  not  for  muscular  contractions. 

If,  on  the  other  hand,  the  anterior  root  be  divided 
(as  at  c  d,  fig.  42,  b),  the  reverse  is  noticed — the  cut  end, 
d,  may  be  irritated  without  producing  the  slightest  sign 
of  sensibility,  whereas  irritation  of  the  cut  end,  c,  is 
instantly  followed  by  contraction  of  the  muscles  to 
which  the  nerve  is  distributed.  This  shows  that  the 
anterior  root  is  the  channel  for  muscular  stimuli  but 
not  for  sensitive  impressions. 

It  was  incumbent  on  me  to  expound  the  views  held  by 
all  the  physiologists  of  our  day  respecting  the  two  kinds 
of  nerves.  Having  discharged  that  duty  to  the  public, 
there  is  another  which  remains.  I  believe  that  the 
view  just  expounded  is  erroneous,  founded  on  a  mis- 
conception, and  in  open  contradiction  with  first  prin- 
ciples. In  two  papers  read  before  the  Aberdeen  Meet- 
I  ing  of  the  British  Association,*  I  pointed  out  the 
i  source  of  the  misconception,  and  the  evidence  which 
destroyed  the  supposed  distinction. 

The  anatomical  discovery  of  Sir  Charles  Bell  is  now 
unimpeachable,  f    As  far  as  demonstration  can  go,  it 

*  On  the  Supposed  Distinction  hetween  Sensory  and  Motor  Nerves ; 
and,  A  Demonstration  of  the  Muscular  Sense. 

+  While  these  sheets  are  passing  through  the  press,  M.  Amede 
PiCHOx  has  published  the  history  of  this  discovery  in  his  brief  but 
very  agreeatle  biography :  Sir  Charles  Bell :  Eistoire  de  sa  Vie  ei  de  ses 
Tramux. 
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has  been  demonstrated  that  the  anterior  nerves  move 
the  muscles  to  which  they  are  distributed  ;  and  the 
posterior  nerves  convey  sensoiy  impressions  from  the 
skin,  to  which  they  are  distributed.    The  opponents 
have  long  been  silenced.    Europe  is  convinced.  But 
this  discovery  has  been  supposed  to  imply  a  physiolo- 
gical distinction  respecting  the  properties,  or  functions, 
of  the  two  nerves  ;  and  against  this  interpretation  Pro- 
fessor Arnold,  of  Zurich,  many  years  ago  raised  his 
voice,  declaring  that  Bell  and  his  followers  had  made 
the  initial   mistake  of  confounding  muscle  -  nerves 
with  motor-nerves.*    But  Arnold's  voice  was  lost  in 
the  chorus  of  Bell's  followers.    Indeed,  neither  the 
state  of  anatomical  knowledge,  nor  the  possession  of 
a  general  doctrine,  permitted  him  to  give  his  ai'gu- 
ments  and  experiments  their  fuU  value  ;  and  I  have 
not  met  with  a  single  physiologist  who  has  embraced 
his  views.    Nevertheless  I  think  Arnold  was  right; 
and  having  reached  the  same  conclusion  by  a  different 
route,  I  feel  it  a  duty  not  to  shrink  from  opposition  to 
the  teachers  who  most  claim  respect. 

Keferring  to  the  distinction  already  established  be- 
tween property  and  function  (p.  21 ),  our  first  effort  must 
be  to  ascertain  whether  the  supposed  difference  be- 
tween the  two  nerves  is  one  of  property,  or  one  of 
function.  It  cannot  be  one  of  property,  because  the 
structure  of  the  two  nerves  is  identical,!  and  identity 

*  Aenold  :  Ueler  die  VerricJUung  der  Wiirzeln  der  Ruchermarhs- 
nerven,  1844. 

t  It  is  uunecessarj'  here  to  enter  on  the  detailed  proof.   I  have  done 


ARE  THERE  TVt^O  KINDS  OF  NERVES? 


31 


of  stracture,  we  know,  implies  identity  of  j^roperty. 
Moreover,  it  has  been  proved  experimentally  by 
Dubois-Keymond  and  SchifF,  that  both  nerves  con- 
duct in  both  directions. 

Is  the  difference  one  of  function  ?  There  are  doubt- 
less many  who  never  believed  it  to  be  one  of  property, 
but  conceived  that  it  arose  simply  from  the  fact  that 
the  anterior  nerves  played  upon  muscles  only,  and 
therefore  only  awakened  Contractility;  and  that  the 
posterior  nerves  played  upon  the  centre  only,  and  there- 
fore only  awakened  Sensibility.  This  was  the  opinion 
I  formerly  held.  But  if  tliis  has  been  the  opinion  held 
by  some  physiologists,  they  have  not  given  it  precise  and 
scientific  statement — they  have  not  urged  the  necessity 
of  founding  the  idea  of  function  on  anatomical  distri- 
hution.  Had  they  done  so,  Anatomy  would  speedily 
have  convinced  them,  as  it  convinced  me,  of  the  en'or  of 
regarding  the  nerves  as  essentially  distinct  in  function. 

so  in  the  paper  read  before  the  British  Association,  and  will  only  add 
that  ScHiFF  rests  the  structural  distinction  on  the  fact  shown  by  his 
experiments,  that  although  nerves  which  have  been  divided  grow  to- 
gether again,  a  motor-nerve  will  not  unite  with  a  sensory  nerve.  The 
fact  is  valuable  ;  but  as  we  are  at  present  utterly  in  the  dark  respect- 
ing the  nutrition  of  nerves,  we  can  found  no  conclusion  as  to  their  pro- 
perties on  any  differences  they  may  exhibit  in  nutrition.  Schifp  has 
himself  proved  that  motor  nerves  conduct  both  ways — centripetally  and 
centrifugally  ;  and  for  my  purpose  that  is  all  the  proof  necessary.  The 
want  of  some  recognised  doctrine  could  alone  permit  so  eminent  a 
man  as  Kolliker  to  write  as  follows:  "In  respect  of  nerve-fibres. 
Anatomy  is  unable  to  discover  any  difference  between  sensory  and 
motor  ;  but  this  can  in  nowise  furnish  Physiology  with  a  ground  for 
supposing  that  the  nerves  have  similar  functions !  " — Qewehelehre, 
1859,  p.  352. 
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Messrs  Todd  and  Bowman,  in  their  valuable  work, 
remark  that  it  is  not  necessary  to  suppose  any  in- 
tnnsic  difference  of  structure  in  the  nerves  capable  of 
producing  effects  so  manifestly  different.   "  The  actions 
of  a  nerve  depend  upon  the  nature  of  its  central  and 
peripheral  connections."  *    Very  true.    But  what 
does  Anatomy  teach  us  respecting  these  connections  ? 
It  teaches  that  as  regards  the  centre,  the  two  nerves 
agree;  and  so  far  they  must  agree  in  function.  It 
further  teaches  that  as  regards  the  periphery,  the  two 
nerves  differ  ;  and  so  far  they  must  differ  in  function. 
Both  are  .directly  connected  with  the  ganglionic  sub- 
stance of  the  Spinal  Chord,  and  both  must  therefore 
have  a  similar  functional  relation  to  it :  but  as  one  is 
directly  connected  with  the  muscles,  and  the  other 
with  the  skin,  their  functional  relations  to  muscle  and 
skin  will  of  course  be  different.    Nothing  can  be 
plainer  ;  yet  by  an  oversight  which  will  one  day  appear 
astounding,  physiologists  have  one  and  all  disregarded 
the  very  important  fact  that  both  anterior  and  poste- 
rior nerves  are  similarly  connected  with  the  Spinal 
Chord,  and  consequently  must  exercise  a  similar  influ- 
ence on  it.f    Surely  if  one  nerve  can  excite  the  gangli- 

*  Todd  and  Bowman:  Physiol.  Anat.,  i.  231. 

t  Thus  ScHROEDER  VAN  DEE  KoLK,  in  his  important  work,  maintains 
that  the  Medulla  Oblongata  is  the  seat  of  Perception,  because  tlvere  the 
sensoi-y  fibres  terminate  in  nerve-ceUs ;  yet  he  denies  that  the  motor 
fibres,  which  also  terminate  in  nerve-cells  (according  to  him),  can  have 
any  sensory  function.  See  Bau  wid  Functioiien  der  Medulla  Sphialis  in 
several  places.  He  also  explicitly  says  that  the  grey  matter  of  the 
Chord  is  only  concerned  with  co-ordinating  movements  ;  whereas  the 
same  grey  matter  in  the  Medulla  Oblongata  is  sensitive !— pp.  73,  83. 
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onic  centre  with  wliicli  it  is  connected,  a  similar  nerve, 
similarly  connected,  must  also  similarly  excite  tbat 
centre?  To  assume  that  of  two  nerves  having  the 
same  property  and  similar  connections,  one  only  should 
exercise  that  property,  and  the  other  be  utterly  power- 
less, is  a  license  of  imagination  which  Logic  must 
reprove. 

Observe,  I  say  the  relation  is  similar,  not  the  same. 
It  requires  but  a  moderate  acquaintance  with  micro- 
scopic anatomy  to  be  aware  that  the  anterior  and 
posterior  roots  differ  in  their  distribution  over  the 
Spinal  Chord  ;  indeed,  it  is  partly  ujDon  this  difference 
of  distribution  that  I  explain  to  myself  the  different 
forms  of  sensibility  excited  by  each  root.  But  under- 
lying this  diversity  there  is  a  fundamental  agreement : 
both  are  in  direct  connection  with  the  ganglionic  sub- 
stance, and  both  must  excite  its  activity.  Hence  they 
may  be  called  similar,  though  not  the  same.  The  form 
of  sensibility  excited  by  the  anterior  root  is  as  unlike 
the  form  of  sensibility  excited  by  the  posterior  root, 
as  the  sensation  of  Sound  is  unlike  the  sensation  of 
Light,  which  are  nevertheless  similar,  in  being  both 
sensations. 

Thus  does  Anatomy,  philosophically  interpreted, 
teach  the  sensory  function  of  both  nerves.  The  same 
aids  will  make  clear  to  us  wherein  the  nerves  differ. 
It  has  already  been  stated  that  the  difference  in  their 
peripheral  connections  necessarily  brings  about  a  corre- 
sponding difference  in  their  functions.  The  function 
of  moving  a  muscle  is  assigned  to  the  nerves  distributed 
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to  muscles ;  the  function  of  conveying  impressions  of 
touch,  temperature,  tickling,  &c.,  is  assigned  to  the 
nerves  distributed  to  the  skin,  where  alone  these  im- 
pressions can  be  made.  So  intimately  is  function 
dependent  upon  anatomical  distribution,  that  the  very 
nerve  which  is  sensitive  to  touch  and  temperature,  if 
the  stimulus  reach  it  through  the  skin,  is  not  suscep- 
tible to  either  (but  only  to  pain),  if  the  stimulus  be 
directly  applied  to  the  nerve.* 

The  posterior  nerves,  being  distributed  to  the  sMn, 
can,  it  is  obvious,  only  exercise  a  motor  function  in  as 
far  as  they  are  related  to  moving  organs,  or  muscles. 
Now  in  the  skin  there  are  such  organs,  insignificant 
enough,  it  is  true,  and  only  discovered  within  the 
last  few  years:  these  are  muscular  fibres  surround- 
ing the  hair-follicles  ;  and  it  is  these  which  the  pos- 
terior nerves  cause  to  contract.    If  there  were  no 
muscular  fibres  in  the  skin,  the  posterior  nerves  would 
have  no  motor  function  ;  but  they  would  have  the 
possibility  of  exercising  such  a  function.    As,  however, 
there  are  such  fibres,  the  nerves  have  this  function — 
not  a  very  energetic  or  striking  one,  perhaps,  but  the 
same  in  kind  as  that  of  the  anterior  nerves. 

*  I  found  that  pinching  or  cutting  one  of  the  sensory  nerves  of  a 
frog  under  the  skm  of  the  back,  produced  no  sign  of  sensibility  what- 
ever ;  whereas  pricking  the  skin  to  which  this  nerve  was  distributed 
immediately  caused  the  frog  to  leap.  Volkmann  many  years  ago 
drew  attention  to  the  great  differences  in  the  sensibility  of  a  nerve 
when  irritated  at  its  periphery,  or  at  the  trunk  ;  and  Professor  ScHiFF 
of  Beme,  to  whom  I  mentioned  the  experiment  just  alluded  to,  assured 
me  that  it  was  quite  consonant  with  all  he  had  observed— and  few  have 
had  larger  experience. 
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Thus  does  Antatoniy  assure  us  tliat  botli  nerves  are 
sensory,  and  both  nerves  motor.    With  this  torch  in 
our  hands,  let  us  enter  the  otherwise  obscure  path  of 
experimental  inquiry.    It  is  unnecessary  to  prove  the 
motor  function  of  the  muscle-nerves  ;  let  us  inquire 
into  their  sensory  function.    If  the  muscle-nerves  can 
excite  any  Sensibility  at  aU,  it  must  be  that  of  what 
we  call  the  Muscular  Sense,  by  which  we  adjust  the 
manifold  niceties  of  contraction  required  in  our  move- 
ments.*  In  a  future  chapter  (OuE  Senses  and  Sen- 
sations) this  muscular  sense  will  be  examined  in  de- 
tail, and  the  proof  furnished  that  this  form  of  sensi- 
bility persists  when  aU  external  stimuli  fail  to  awaken 
any  sensation  whatever.    For  the  present  we  must  be 
content  with  the  fact  that  there  is  a  peculiar  sensibility 
derived  through  the  muscles,  and  that  this  must  have 
for  its  channels  either  the  posterior,  or  the  anterior 
nerves.    So  much  is  beyond  question.    Now  it  has 
been  proved  by  the  experiments  of  Arnold,  Brown- 
S^quard,-|-  and  the  present  writer,  that  the  posterior 
nerves  may  be  divided  without  destroying  this  muscular 
sensibility.    Indeed  Brown-Sdquard  divided  all  the 

*  That  muscles  communicate  with  centres  and  awaken  sensations 
(which  can  only  be  done  through  their  nerves)  is  thfls  admitted  by 
Todd  and  Bowman:  "A  continued  or  violent  irritation  of  a  motor 
nerve  in  some  part  of  its  course,  causing  spasm  or  convulsive  move- 
ment of  the  muscles  it  supplies,  may  he  propagated  along  its  whole 
length  to  the  centre,  and  may  tJiere  give  rise  to  irritation  of  neighbouring 
filres,  whether  motor  or  setisitive,  exciting  more  convulsion  and  pain," 
— Physiol.  Anat.,  i.  232. 

+  Arnold  :  Riichenmarhsnerven,  p.  111-113.  Brown-SeQUArd's 
Lectures  in  the  Lancet,  3d  July  1858. 
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sensory  roots  of  tlie  four  extremities  of  a  frog,  yet  not 
only  did  this  frog  execute  its  ordinary  muscular  adjust- 
ments, but  when  its  nose  was  irritated  with  acid,  the 
fore-leg  was  employed  to  rub  the  acid  away.  Perhaps 
you  think  that  this  frog  moved  its  limbs  by  an  efibrt 
of  the  wiU  ?  To  anticipate  such  an  objection,  I  ether- 
ised a  frog,  removed  its  brain,  and  skinned  it :  the 
animal  was  thus  rendered  insensible  to  all  external 
stimuli,  and  without  a  brain  to  direct  its  movements  ; 
yet  it  adjusted  its  muscles,  and  rubbed  away  the  acid 
from  its  irritated  nose  (the  only  spot  sensitive  to  external 
irritations,  because  the  only  spot  which  retained  its  skin) 
as  perfectly  as  an  uninjured  frog  would  have  done* 

*  I  seize  this  opportunity  to  defend  myseK,  and  other  experimental- 
ists, from  the  charge  of  cruelty,  in  performing  experiments  on  live 
animals.    The  question  is  too  large  to  be  argued  here  ;  but  as  a  purely 
personal  matter  I  may  say,  that  aU  my  friends  know  my  great  fond- 
ness for  animals  of  every  kind,  and  the  almost  excessive  shrinking 
from  the  sight  of  pain  which  renders  it  unendurable  for  me  to  see  ani- 
mals suffering.  Had  it  not  been  for  the  discovery  of  ether  and  chloro- 
form, I  should  never  have  pushed  my  investigations  to  the  length  of 
experiment  on  Hve  animals,  where  gi-eat  pain  could  be  supposed  to 
foUow.    But  it  is  now  becoming  almost  universal,  not  simply  out  of 
tenderness  to  animals,  but  out  of  regard  for  accuracy,  to  render  ani- 
mals insensible  before  performing  any  serious  operation.     A  fi-og  or 
salamander,  after  being  etherised,  remains  utterly  insensible  for  more 
than  two  hours  ;  and  dogs  leap  upon  the  operating-table  on  which 
they  have  before  been  etherised,  with  as  much  alacrity  as  if  they  had 
been  fed  there.    It  is  the  wounding,  and  not  the  wound,  which  causes 
pain.    Cut  a  rabbit's  spine  in  two,  and  you  may  see  him  in  a  few 
minutes  quietly  eating,  as  if  nothing  had  beeh  done  to  him.  That 
some  experimenters  put  animals  to  great  pain,  and  sometimes  do  so 
with  unjustifiable  thoughtlessness,  is  true  ;  but  cruelty  is  never  their 
motive  :  they  inflict  pain,  not  for  the  sake  of  exercising  power,  but 
for  the  sake  of  gaining  that  scientific  knowledge  which  is  to  lessen  the 
pain  of  future  men  and  women. 
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The  conclusion  seems  irresistible,  that  the  muscular 
sensibility  is  derived  through  the  anterior,  or  muscle- 
nerves.  What  is  to  oppose  such  a  conclusion  ?  No- 
thing but  the  negative  argument,  which  is  furnished 
by  the  experiment  of  dividing  the  roots  of  the  nerves 
(see  p.  28).  If  the  reader  who  has  followed  the  expo- 
sition thus  far  will  consider  this  experiment  attentively, 
he  will  see  that,  instead  of  being  the  victorious  experi- 
ment it  is  commonly  believed  to  be,  it  does  not  touch 
the  question  at  all.  I  admit,  without  reservation,  the 
fact  that,  when  the  anterior  root  is  irritated,  the 
animal  gives  no  sign  of  sensation.  But  I  aifirra  that 
those  who  demand  such  a  sign,  demand  a  kind  of 
evidence  which  cannot,  in  the  nature  of  things,  be 
given,  let  the  anterior  root  be  never  so  unequivocally 
sensitive.  Simple  logic  assures  us  that  the  sensibility 
excited  by  the  muscle-nerves  cannot  be  the  same  as 
that  excited  by  the  skin-nerves,  any  more  than  the 
sensibility  excited  by  the  optic  nerve  can  be  the  same 
as  that  excited  by  the  auditory  nerve.  The  argument  I 
am  combating  would,  if  admitted,  serve  to  prove  that 
the  optic  nerve  was  not  sensory ;  for  the  optic  centre  will 
not  respond  to  odours,  sounds,  heat,  or  cold ;  and  when  it 
does  respond  to  a  stimulus,  will  only  respond  as  a  sensa- 
tion of  light — that  is  to  say,  its  own  special  form  of  sen- 
sibility— whatever  stimidus  awakens  it.  Cut  the  optic 
nerve  in  two — pinch  it,  prick  it,  burn  it,  and  you  pro- 
duce no  pain,  nothing  like  it,  nothing  but  the  sensation 
of  a  flash  of  light.  Now,  if  we  are  justified  in  attribut- 
ing muscular  sensibility  to  the  anterior  nerves,  it  is 
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obvious  that  these  nerves  when  irritated  can  only  excite 
muscular  sensations,  and  no  others.    It  is  further  obvi- 
ous that  the  signs  of  such  sensations  must  be  very  differ- 
ent from  those  of  other  sensations.    Let  us  suppose  that 
an  irritation  of  the  anterior  root,  by  pricking  or  galvan- 
ism, does  awaken  this  muscular  sensibility,  by  what 
^\gn.  could  the  fact  be  known  ?  The  initation  produces 
no  pain;  it  can  only  produce  that  sensation  which 
accompanies,  or  precedes,  adjustment  of  the  muscles,  or 
one  of  the  vague  but  diffusive  sensations  which  muscu- 
lar sensibility  contributes  to  the  general  consciousness. 
The  direct  response  to  such  a  sensation  would  be  an 
adjustment  of  the  muscles  to  which  the  particular  nerves 
were  distributed  ;  but  this  cannot  take  place,  because 
the  connection  between  these  nerves  and  muscles  is  cut 
off.    What  sign  could  be  manifested  ?    Evidently  none 
at  all.    The  negative  argument,  therefore,  which  this 
experiment  was  supposed  to  famish,  does  not  touch  the 
question ;  and  the  positive  proof  that  the  anterior  nerves 
minister  to  muscular  sensations,  remains  unaffected. 

Having  proved  the  sensory  function  of  the  anterior 
nerves,  it  is  not  difficult  to  prove  the  motor  function 
of  the  posterior  nerves.  They  cannot  move  the  muscles, 
simply  because  they  are  not  distributed  to  the  muscles ; 
but  they  move  the  muscular  fibres  of  the  skin,  and 
cause  the  contractions  of  the  skin.  Claude  Bernard, 
seeing  the  necessity  of  explaining  the  existence  of 
sensibility  in  the  muscles  and  contractility  in  the  skin, 
boldly  assumed— and  has  stated  it  as  if  it  were  a  fact 
—that  the  posterior  nerves  sent  off  filaments  to  the 
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muscles,  and  the  anterior  nerves  sent  off  filaments  to  the 
skin.    But  anatomy  will  not  support  that  assertion. 

There  has  been  no  collection  of  facts  to  throw  light 
on  the  movements  of  the  muscular  fibres  in  the  skin ; 
but  it  is  worth  inquiring  what  share  they  have  in  the 
erection  of  quills  upon  the  fretful  porcupine,  or  the 
hairs  on  the  back  of  an  irritated  dog.  Division  of  the 
posterior  roots  would,  I  should  anticipate,  prevent  the 
quills  of  the  porcupine  from  rising  up.  But  there  is 
no  experimental  evidence  on  this  subject  at  present. 

The  conclusions  to  which  we  are  thus  led  are  as 
foUows :  There  is  no  fundamental  distinction  between 
the  two  nerves  ;  both  are  sensory,  and  both  are  motor; 
but  they  are  so  in  different  degrees.    They  are,  strictly 
speaking,  distinguishable  as  muscle-nerves  and  skin- 
nerves  :  the  muscle -nerves  being  the  channels  for 
muscular-sensations  and  muscular- movements  ;  the 
skin-nerves  being  the  channels  for  skin-sensations  and 
skin-movements.    But  inasmuch  as  the  muscle-nerves 
have  an  energetic  motor  function,  far  surpassing  that 
of  the  others,  the  name  of  motor  may  continue  to 
designate  the  anterior  nerves  ;  and  further,  as  the  skin- 
nerves  are  channels  of  more  intense  and  more  various 
sensations  than  the  muscle-nerves,  the  name  of  sensory 
may  continue  to  designate  the  posterior  nerves— it 
beincT  understood  that  these  are  merely  verbal  distinc- 
tions  employed  for  convenience.* 

*  Some  experimenters  have  endeavotired  to  prove  that  one  half  of 
the  grey  matter  of  the  Spinal  Chord  is  devoted  to  motion,  and  the 
other  half  to  sensation ;  but  the  decisive  experiments  of  SoHiF.]?  have  ^ 
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We  have  now  gone  over  the  chief  points  needful  to 
be  remembered  respecting  the  structure  and  properties 
of  the  Nervous  System,  and  it  is  hoped  the  reader's 
patience  has  not  been  too  severely  taxed.  To  have 
passed  more  lightly  over  these  points  would  have 
rendered  our  future  progress  less  secure,  and  we  should 
have  been  less  able  to  grapple  with  those  questions  of 
more  general  interest,  which  cluster  round  Feeling  and 
Thinking.  Something  like  a  scientific  basis  has  been 
laid  down  ;  let  us  now  see  to  the  superstructure. 

VI.  Wheee  is  the  Sensoeium? — The  Sensorium 
means  the  seat  of  sensation,  or  consciousness.  The 
term  sensorium  commune  means  that  there  is  one 
particular  seat  for  aU  sensations  whatever.  Where  is 
that  important  seat  ? 

According  to  the  principles  laid  down  in  these 
pages.  Sensibility  is  the  fundamental  property  of  gan- 
glionic tissue,  and  inherent  in  this  living  tissue,  as  Con- 
tractility is  inherent  in  the  living  muscular  tissue.  It  is 
therefore  clear  that  we  must  make  the  Sensorium,  or  seat 
of  Sensibility,  coextensive  with  the  nervous  centres. 

This  is  by  no  means  the  opinion  of  Physiologists. 
They  aver  that  there  is  only  one  centre,  or  one  group 
of  centres,  which  is  endowed  with  Sensibility.  As 
they  have  no  logical  basis  for.  this  position,  we  need 
not  be  surprised  to  find  them  by  no  means  agreed 
respecting  the  centre,  or  centres,  which  are-  thus  arbi- 

shown  that  both  halves  are  motor  and  both  sensory  ;  and  I  regai-d  this 
as  a  final  proof  of  the  double  function  of  each  nerve-root  connected 
with  each  half. 
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trarily  selected  for  the  Sensorium.  It  seems  a  matter 
of  fancy  with  the  majority ;  and  as  one  man's  fancy  is 
as  good,  or  bad,  as  another's,  we  find  one  stoutly 
affirming  that  the  Sensorium  is  not  where  another 
positively  places  it.  Boutekoe,  Lancisi,  and  others, 
placed  it  in  the  corpus  mllosum  ;  why  not,  since  the 
selection  seems  arbitrary?  Willis  placed  it  in  the 
corpora  striata;  Descartes  in  the  pineal  gland; 
Vieussens  in  the  centrum  ovale;  Boerhaave  in  the 
boundary-line  of  the  grey  and  white  substance  ;  Mayer 
in  the  medulla  oblongata,  and  Camper  in  the  pineal 
gland,  nates,  and  testes.  They  might  just  as  well  have  ■ 
placed  it  in  the  jawbone  or  eyebrows,  as  far  as  any- 
scientific  warrant  can  be  given  for  one  of  these  opin- 
ions. And  if  their  modern  successors  have  been  less 
palpably  absurd,  they  seem  almost  equally  to  have 
wanted  any  guiding  principle. 

Much  more  philosophical  was  the  conception  of 
Whytt.  "As  the  schoolmen,"  he  says,  "supposed 
the  Deity  to  exist  in  every  uhi,  but  not  in  any  place, 
which  is  to  say  in  Latin  that  he  exists  everyiuhere, 
but  in  English  noiuhere  ;  so  they  imagined  the  soul  of 
man  not  to  occupy  space,  but  to  exist  in  an  indivisible 
point.  Yet  whoever  considers  the  structure  and  phe- 
nomena of  the  animal  frame,  will  soon  be  convinced 
that  the  soul  is  not  confined  to  an  indivisible  point,  but 
must  be  present  at  one  and  the  same  time,  if  not  in  all 
parts  of  the  body,  yet  at  least  wherever  the  nerves  have 
their  origin  ;  i.e.,  it  must  be  at  least  diffused  along  a 
great  part  of  the  brain  and  spinal  marrow."* 

*•  Whytt  :  Exsayonlhe  Vitalandother Involuntary Motions,YJ5\,Yi-  3S0. 
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Some  years  later  the  admirable  Prochaska  adopted 
a  somewhat  similar  view.  He  conceived  that  the  Brain 
{cerebrum  and  cerebellum)  was  devoted  to  the  purely 
intellectual  operations — to  the  "  soul-sensations,"  as  he 
calls  them — and  the  rest  of  the  spinal  axis,  including 
the  under  portions  of  the  Brain,  formed  the  sensorium 
commune,  devoted  to  the  "  body-sensations."  He  de- 
fined the  sensorium  much  as  Whytt  did :  "  it  is  coex- 
tensive with  the  origin  of  the  nerves."  Like  Whytt 
and  Unzer,  he  rightly  perceived  that  the  sensorium 
must  extend  to  the  spinal  chord,  because  decapitated 
animals  manifest  actions  "which  cannot  take  place 
without  the  consentience  and  intervention  of  the  nerves  ; 
for  the  decapitated  frog,  if  pricked,  not  only  withdraws 
the  punctm'ed  limb,  but  creeps  and  leaps,  which  can- 
not be  done  without  the  consensus  of  the  sensorial  and 
motor  nerves,  the  seat  of  which  consensus  must  neces- 
sarily be  in  the  spinal  chord."  * 

In  this,  as  in  so  many  other  questions,  Prochaska 
seems  to  me  to  have  been  very  near  the  truth.  He  falls 
short  in  the  want  of  a  clear  conception  of  the  relation 
between  property  and  tissue.  Had  he  made  the  identity 
of  ganglionic  substance  the  ground  for  assuming  an 
identity  of  property  in  all  ganglia,  his  own  admirable  con- 
ception of  the  Keflex  Actions  would  not  have  been  dis- 
placed by  the  modern,  and,  as  I  think,  erroneous.  Reflex 
Theory,  but  would  have  furnished  convincing  evidence 
of  the  truth  of  his  views  respecting  the  sensorium. 

*  Unzer  and  Peochaska  On  the  Nervous  System  (translated  by  Dr 
Latoook),  p.  430. 
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According  to  the  view  adopted  in  these  pages,  the  « 
scnsonim  commune,  or  general  seat  of  Sensibility,  is 
the  sum  total  of  all  the  nerve-centres  ;  while  each  centre 
is  itself  a  small  sensorinm.  But  although  all  nerve- 
centres  agree  in  having  one  common  tissue,  and  one 
common  property,  they  diflfer  more  or  less  among  them- 
selves in  their  organic  connections  with  other  parts,  and 
must  therefore  differ  in  their  functions.  It  is  the  neglect 
of  this  distinction  which  has  for  so  long  masked  the  truth. 

A  careful  inspection  of  the  various  ganglia  suffices 
to  show,  that  while  the  arrangement  of  their  tissues  is 
somewhat  various,  the  tissues  themselves  remain  iden- 
tical.   In  the  Brain,  for  example,  the  white  matter  is 
inside,  and  the  grey  matter  outside ;  whereas  in  the 
Spinal  Chord  the  reverse  takes  place ;  and  in  some 
other  Ganglia  the  white  and  grey  are  intermingled. 
But  such  variations  will  not  alter  the  fundamental  pro- 
perties. It  may  be  anticipated,  indeed,  that  men  sharing 
the  ancient  prejudice  respecting  the  Brain  as  the  ex- 
clusive seat  of  sensation,  will  point  to  the  different 
morphological  structure  of  the  Brain  as  a  proof  that  its 
properties  must  be  different  from  those  of  the  Spinal 
Chord.    But  I  think  the  evidence  is  irresistible  which 
shows.  First,  that  the  Sensibility  of  the  Brain  depends 
on  histological,  not  on  morphological  structure — in 
other  words,  on  the  tissue  itself,  and  not  on  any  ar- 
rangement of  that  tissue  ;  and  Secondly,  that  the  Spinal 
Chord  is  a  seat  of  sensation.    The  first  point  only  can 
be  touched  on  for  the  present. 

It  wiU  scarcely  be  denied  that  Insects,  Crustaceans, 
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and  Molluscs  are  endowed  with  Sensibility.  Those 
who  deny  them  eveiy  vestige  of  Intelligence  will  never- 
theless admit  that  they  can  feel.  Unless  we  adopt  the 
hypothesis  of  Descartes,  that  all  animals  are  mere 
machines  *  we  must  admit  that,  in  spite  of  the  varieties 
in  their  nervous  systems,  they  have  one  thing  in  com- 
mon— Sensibility. 

But  now,  what  does  comparative  anatomy  teach  us  ? 
It  teaches  that,  corresponding  with  this  2)ropeHy,  which 
all  animals  have  in  common,  there  is  a  tissue  they  have 
in  common  ;  but  with  this  fundamental  histological 
resemblance,  there  is  a  great  morphological  diversity. 
Nerve-tissue  is  everywhere  similar ;  but  the  arrange- 
ments of  that  tissue  are  very  various.  In  the  simplest 
Fig.  43.  fQj.j^     ^|jg  Nervous  System  yet 

discovered — namely,  that  of  the 
Ascidian  (an  animal  shaped  Hke 
a  flask  with  two  short  necks, 
remaining  for  ever  fixed  on  one 
spot) — it  consists  of  one  gan- 
glion and  a  few  nerve-threads. 
Higher  in  the  scale  we  meet  with 
a  mollusc  such  as  the  Aplysia 
(sea-hare),  having  five  ganglionic 
masses  (fig.  43). 

A  still  higher  development, 
Nervous  System  of  ^vplysia.  and  One  approaching  the  verte- 

(AfterDalton.)  ^^^^^  ^^^^^  ^^^^^ 

•  I  shall  hereafter  endeavour  to  show  that  although  the  animal  organ- 
ism is  in  many  respects  a  mechanism,  it  is  always  a  sensitive  mechanism. 
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where  the  gangha  are  arranged  symmetrically  along  the 
axis  of  the  body.    These  forms  are,  it  is  obvious,  very 
uuHke  those  of  man  or  vertebrate  animals  ;  yet  if  we 
examine  the  tissue  of  these  ganglia,  we      Fig.  u. 
shall  find  it  to  be  as  much  like  the  gan- 
o-lionic  tissue  of  men,  as  the  muscles  of 
these  animals  are  like  the  muscles  of 
men.    From  this  resemblance  in  struc- 
ture we  conclude  that  there  is  a  corre- 
sponding resemblance  in  property  ;  and 
finding  that  insects  and  molluscs  mani- 
fest signs  of  Sensibility,  we  have  no  diflfi- 
culty  in  assigning  Sensibility  to  this  very 
structure. 

The  ganglia  placed  in  the  head  of  an 
insect  are,  morphologically,  utterly  unlike 
the  Brain  of  a  vertebrate  animal ;  never- 
theless having  similar  organic  relations 
— that  is  to  say,  being  in  connection  with 
the  higher  organs  of  Sense — ^we  have  no 
hesitation  in  speaking  of  the  brain  of  a 
Bee.  What  amount  of  intelligence  the  nervous  system 
bee  may  possess  we  do  not  know ;  but  we  (^t"-  Daiton.) 
see  that  it  has  Sensibility  and  Volition  ;  and  anatomists 
generally  regard  the  ganglia  connected  with  the  organs  of 
Sense  as  the  seat  of  this  Sensibility  and  Volition.  For 
my  present  purpose  it  is  enough  to  take  note  of  this 
admission.  If  the  cephalic  ganglia  of  an  insect  can  be 
credited  with  Sensibility  and  Volition,  in  spite  of  their 
morphological  unlikeness  to  the  Brain,  and  in  virtue  of 
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their  possessing  a  similar  tissue,  and  similar  organic 
connections ;  surely  the  ganglia  of  the  Spinal  Chord 
may  be  credited  with  Sensibility  and  Volition,  in  spite 
of  their  morphological  vmlikeness  to  the  Brain,  seeing 
how  very  closely  they  resemble  the  Brain  iu  tissue  ? 

Let  no  one  suppose  that  the  mere  position  of  the 
Brain  and  cephalic  ganglia,  endows  them  with  this  pro- 
perty of  Sensibility.  Properties  do  not  originate  in 
anatomical  positions.  Unless  the  Sensibility  were  pre- 
sent, no  connection  with  the  organs  of  Sense  would 
avail.  In  experiments  on  the  Sensorial  Centres  of 
Insects  (not  yet  published),  I  found  that  the  ganglia 
styled  "  Brain  "  are  in  no  respect  different  from  the 
other  ganglia  in  structure  or  in  property  ;  the  only 
differences  obser^'able  arise  from  the  organs  of  Sense,  or 
Motion,  with  which  they  are  connected  :  i.e.  their /w?ic- 
tions  differ.  And  we  shall  hereafter  see  that,  in  man 
and  vertebrate  animals,  the  differences  in  the  functions 
of  the  various  organs  of  the  nervous  system  are  all 
forms  of  Sensibility,  determined  by  their  different  con- 
nections with  other  parts  of  the  body. 

The  view  adopted  by  modern  physiologists  is  very 
different ;  but  the  facts  remain  the  same,  whichever  in- 
terpretation be  adopted ;  and  I  only  urge  mine  because 
it  is  based  on  certain  simple  and  indisputable  prin- 
ciples, and  makes  the  present  chaotic  condition  of  our 
knowledge  a  little  less  chaotic.  The  cmTent  view  is 
this  :  Sensibility  belongs  only  to  the  centres  within  the 
skull ;  all  other  centres  have  only  the  property  oi  reflect- 
ing impressions.    By  this  reflection  of  impressions  is 


DIFFERENT  VIEWS. 


47 


mecant,  that  when  an  impression  is  made  on  a  sensoiy 
nerve,  and  by  it  carried  to  the  spinal  chord,  the  impres- 
sion there  becomes  reflected  into  a  motion— the  motor- 
nerve  carries  the  impulse  to  a  muscle  ;  and  thus  an 
action  results,  unprompted,  or  unaccompanied  by  any 
sensation  whatever. 

In  direct  opposition  to  this,  I  maintain  that  unless 
an  impression  on  the  sensory  nerve  excites  a  sensation 
in  the  centre,  no  motion  whatever  takes  place.  But  the 
proof  of  this  must  come  later  on. 

VII.  Sensibility,  Sensation,  and  Consciousness. 
— ^We  have  now  reached  the  cardinal  question  in  nerve 
physiology,  the  clear  answer  to  which  must  necessarily 
determine  our  answer  to  many  other  questions. 

It  is  somewhat  remarkable  that  while  many  physio- 
logists might  be  disposed  to  concede  that  all  nervous 
centres  were  endowed  with  Sensibility,  they  would  al- 
most unanimously  reject  the  inevitable  consequence, 
that  aU  nervous  centres,  in  action,  give  rise  to  Sensa- 
tion, and  thus  furnish  elements  to  the  general  Con- 
sciousness.   They  have  no  difficulty  in  admitting  that 
Contraction  is  the  active  state  of  Contractility  in  a 
muscle  ;  but  that  Sensation  should  be  the  active  state 
of  Sensibility  in  a  nerve-centre,  does  not  seem  to  them 
so  clear.    Guided  in  their  use  of  language  by  the  deep- 
rooted  prejudice  respecting  the  Brain,  they  establish  a 
wide  distinction  between  "sensitive  impressions"  and 
"  sensations,"  and  hence  they  find  no  difficulty  in  speak- 
ing of  "  unfelt  sensations,"  and  of  "  unconscious  sensi- 
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bility."  It  is  not  -with  a  view  to  accuracy  in  language 
only  that  I  suggest  the  desirableness  of  getting  rid  of 
such  terms ;  no  impression  can  be  sensitive  vrithout 
sensation.  Let  us  see  if  greater  accuracy  of  language 
wUl  not  help  us  in  our  inquiiy.  It  is  maintained  on 
aU  hands  that  sensation  is  impossible  without  con- 
sciousness. Let  this  be  gTanted.  But  when  Conscious- 
ness itself  comes  to  be  sjDoken  of,  we  find  that  the  Brain 
is  regarded  as  its  exclusive  seat ;  and  the  conclusion 
of  course  is  that  no  sensation  can  be  produced  by  an 
impression,  unless  that  impression  reach  the  Brain. 
If  an  animal  without  its  Brain  is  shown  to  exhibit  every 
sign  of  sensation,  exhibited  when  the  Braiu  was  present, 
the  physiologists  argue  that  we  must  not  suppose  the 
brainless  animal  really  lias  sensations  ;  far  from  it :  it 
has  only  sensitive  impressions  which  produce  reflex 
actions,  without  any  Consciousness  on  the  part  of  the 
animal.  To  have  sensations  and  to  be  conscious  of 
sensations,  is  one  and  the  same  thing.  To  have  a  sen- 
sation and  to  know  that  we  have  it,  are  two  things,  not 
one  thing.  Knowledge  cannot  exist  without  conscious- 
ness ;  but  consciousness  may,  and  often  does,  exist 
without  knowledge. 

But  what  is  meant  by  Consciousness  ?  Unhappily 
there  are  scarcely  two  writers  who  precisely  agree  in 
their  use  of  this  term.*  Some  use  it  as  the  synonym 
of  the  soul ;  others  as  a  distinct  facility.    It  is  some- 

♦  Mr  Bain  fills  no  less  than  sis  large  pages  with  an  enumeration  of 
the  various  meanings  given  to  it  by  English  writers.  See  "The  Emotions 
and  the  Will,"  p.  599. 
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times  employed  to  designate  sensation,  and  at  others 
only  those  sensations  which  usurp  the  attention.  All 
we  can  attempt  in  this  place  is  to  fix  the  precise  mean- 
ing of  our  terms,  and  stick  to  that ;  and  as  Conscious- 
ness more  generally  implies  sensation  than  anything 
else,  we  will  elect  that  meaning,  and  see  if  by  it  we 
cannot  clear  up  manifold  contradictions. 

The  fact  that  we  have  a  sensitive  organism  is  indis- 
putable ;  not  less  so  the  fact  that  this  organism  is  in- 
cessantly excited  by  external  and  internal  stimuli. 
Every  such  excitation  of  the  sensitive  organism  must 
be  a  sensation.  These  sensations  will  necessarily  be 
very  various,  as  the  organs  excited,  and  the  exciting 
causes  are  various ;  but  they  must  all  be  sensations, 
they  are  all  active  states  of  the  general  property  of 
sensibility.  Ergo,  they  must  all  be  elements  of  Con- 
sciousness. 

The  established  doctrine  affirms,  or  implies,  that 
only  those  excitations  of  sensibility  which  are  suffi- 
ciently vivid  to  predominate  among  the  myriads  fleet- 
ing over  our  organism,  and  thereby  to  attract  at- 
tention, are  properly  called  sensations.  Of  these  we 
are  said  to  be  conscious.  The  rest  are  considered  as 
non-existent — unconscious  impressions,  which  may  lead 
to  actions,  but  are  not  sensations. 

It  is  of  course  permissible  to  define  terms  as  you 
please.  Writers  may  call  that,  and  that  only,  a  sensa- 
tion which  separately  solicits  the  attention ;  they  may 
declare  that  unless  it  is  "  perceived,"  no  sensation  can 
exist.  So  long  as  this  language  is  rigorously  preserved, 
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it  may  be  unobjectionable.  But  it  cannot  long  be  pre- 
served. Insensibly  writers  are  led  by  it  into  tbe  glaring 
contradictions  of  unfelt  feelings  and  unconscious  con- 
sciousness.* For  example,  the  cbest  expands  and  con- 
tracts in  respiration  ;  and,  if  we  attend  to  it,  a  peculiar 
sensation  is  perceived  accompanying  the  process  ;  but 
if  attention  be  elsewhere  directed,  the  sensation  is  not 
perceived.  Now  we  know  that  in  both  cases  a  sensory 
stimulus,  playing  on  the  respiratory  centre,  was  re- 
flected as  a  motor  stimulus  on  the  muscles,  and  we  are 
therefore  forced  to  adopt  one  of  two  alternatives  : 
Either,  the  same  sensation  was  evoked  in  both  cases, 

although  perceived  only  in  the  first ; 
Or,  Attention  is  itself  the  creator  of  the  sensation. 
This  latter  alternative  is  too  purely  metaphysical 
for  the  physiologist,  who  in  vain  endeavours  to 
conceive  the  Attention  endowing  a  sensoiy  nerve 
with  such  a  quality,  f 
On  this  point  let  us  hear  Miiller  :  "  Sensation  itself 
must  be  distinguished  from  attention  (the  direction  of 
the  mind  to  sensations),  and  from  the  faculty  of  form- 
ing ideas  from  sensations.    Attention  appears  to  be  a 

*  "The  subject  has  been  mystified  by  Arnold  and  others,  by  dis- 
cussions about  sensations  with,  and  without,  consciousness,  as  if  the 
latter  phi-ase  were  not  a  contradiction  in  terms ;  and  even  Professor 
Alison  writes  in  the  following  manner — '  In  order  that  these  sensations 
may  be  felt ; '  as  if  the  phrase  were  not  one  of  perfect  tautology."— 
Marshall  Halt,  :  New  Memoir  on  the  Nervous  System,  p.  35. 

f  The  eminent  physiologist  LuDWia  unequivocally  declares  that  we 
only  receive  a  sensation  so  long  as  we  attend  to  it. — LeJirhuch  der 
Physiologic,  1858,  i.  593 ;  and  many  others  might  be  cited  to  the  same 
effect. 
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function  of  the  cerebral  hemispheres ;  by  their  removal 
the  animal  is  rendered  stupid,  but  sensation  remains. 
Among  a  certain  number  of  simidtaneous  sensations 
we  are  able  to  direct  our  attention  to  a  single  one  so 
as  to  perceive  it  not  only  more  distinctly  than  the  rest, 
but  definedly  and  in  its  whole  intensity."  *  We  may 
also  quote  the  remarks  of  Gerdy  on  the  popular 
confusion  of  terms.  "  If,"  he  says,  "  it  is  necessary  that 
there  should  be  a  perception  for  the  existence  of  a 
sensation,  it  will  follow  that  the  words  sense  and  sen- 
sitive have  a  double  meaning,  the  one  patent — to  wit, 
that  the  organs  indicated  are  sentient ;  the  other 
occult — to  wit,  that  the  organs  are  not  sentient  in 
themselves,  but  only  in  conjunction  with  perception. 
Whence  it  results  that  the  senses  are  not  sentient,  be- 
cause they  do  not  perceive ;  and  the  Brain  alone  has 
this  privilege,  because  it  perceives  although  it  is  itself 
insensible."  -|- 

Every  one  will  admit  that  attention  does  not  create 
the  sensation.  All  it  can  do  is  to  isolate  one  sensation 
from  the  crowd  of  simultaneous  sensations  ;  nay,  one 
may  ask  whether  attention  itself  be  anything  more 
than  that  very  isolation  of  one  sensation  from  the 
crowd  ?  Sir  Henry  Holland  suggests  that  attention  is 
only  the  direction  of  the  consciousness  ;|  but  leaving 
this  matter  to  the  psychologists,  let  us  content  our- 
selves with  discriminating  the  elements  of  sensation 

*  MuLLEB :  Physiol.  ;  by  Balt,  i.  829. 

t  Geedt  :  Physiologic  philosophique  des  Sensations,  p.  20. 

+  Holland  :  Chapters  on  M ental  Physiology. 
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from  those  of  perception.  Sir  William  Hamilton, 
whose  multifarious  learning  embraced  even  the  recon- 
dite questions  of  physiology,  has  announced  the  law : 
That  a  nervous  point  yields  a  sensation  felt  as  locally 
distinct  in  proportion  as  it  is  isolated  in  its  action  from 
every  other  point*  This  law  of  local  distinction  must 
be  extended  to  every  distinction  of  sensations :  only 
when  one  impression  is  isolated  from  the  several  simul- 
taneous impressions,  can  it  so  far  arrest  attention  as  to 
be  perceived.    Let  an  example  be  cited : 

During  the  performance  of  an  orchestra  we  may 
single  out  a  particular  instrument,  or  group  of  instru- 
ments, following  them  with  attention.    It  is  obvious 
that  in  doing  so  we  never  endow  these  instruments 
with  any  real  increase  of  intensity,  or  with  any  new 
power  :   the  amount  of  sensation  they  awaken  in 
us  is  not  exalted  by  our  attention ;  nevertheless, 
because  we  have  isolated  that  sensation  from  the  har- 
monious concord  of  sounds,  amid  which  these  instru- 
ments move,  we  perceive  sounds  which  before  were 
unperceived,  and  which  by  less  experienced  ears  always 
would  remain   unperceived,    merged  in  orchestral 
thunder.   In  common  language  we  are  said  not  to  hear 
the  particular  instruments,  when  we  cannot  separately 
foUow  them.    Yet  nothing  is  more  certain  than  that 
we  do  hear  them.  We  are  affected  by  them.  Suddenly 
silence  those  instruments  in  the  very  climax  of  a  cres- 
cendo, and  the  storm  of  the  others  will  not  prevent 
our  distinctly  perceiving  some  difference. 

*  Hamilton:  Dissei-t.  to  RcicCs  Works,  p.  862. 
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We  shall  do  well  to  hold  fast  by  the  maxim  that  to 
have  a  sensation,  and  to  be  conscious  of  it,  are  one  and 
the  same  thing ;  but  tohave  a  sensation,!md  to  attend  to 
it,  are  two  different  things.  Attention  is  the  direction 
of  the  consciousness— not  the  consciousness  itself.  We, 
shall  do  well  also  to  hold  fast  by  the  distinction  veiy 
properly  established  between  Sensation  and  Perception. 
That  this  distinction  is  constantly  overlooked,  is  the 
cause  of  much  disagreement,  and  it  is  the  confusion  of 
the  two  terms  which  lies  at  the  root  of  the  current 
doctrine  on  the  Sensorium. 

Let  us  open  Todd  and  Bowman's  work,  and  read  the 
following  passage,  in  which  these  eminent  physiologists 
express  with  great  explicitness  the  view  I  am  opposing : 
"  A  state  of  the  sensitive  organs  and  a  corresponding 
perception  by  the  mind,  must  concur  to  produce  sen- 
sation :  either  condition  may  exist  alone,  but  then  the 
phenomenon  is  not  a  true  sensation  in  the  acceptation 
here  given  to  the  word.  Thus  light  falling  on  the  eye 
in  sleep  excites  the  whole  visual  sensitive  apparatus 
while  the  organ  of  perception  is  inactive."  * 

Without  denying  to  these  writers  the  privilege  of 
defining  their  terms  as  they  please,  I  must  ask  what 
advantage  there  can  be  in  blending  together  the  two 
words  Sensation  and  Perception,  inasmuch  as  we  must 
afterwards  iuvent  a  term  to  express  the  excitement  of 
the  sensitive  apparatus  ?  This  excitement  is  specific, 
and  its  sensational  character  is  visible  in  the  effects 
produced  by  it — for  the  sleeping  man^  thus  excited, 

*  Todd  and  Bowman  :  Physiological  Anatomij,  i. 
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perceives  no  object,  but  he  feels  the  sensation,  and 
moves  away  his  head  from  the  light  in  consequence. 

It  will  be  more  exact,  and  more  convenient,  to  re- 
strict the  term  Sensation  to  the  simple  reaction  of  the 
Sensitive  Organism. 

There  is,  I  am  aware,  an  unfortunate  ambiguity  in 
our  popular  language,  which  renders  it  plausible  to  say 
that  unless  a  sensation  is  perceived,  it  is  the  same  as 
if  it  did  not  exist.  Yet  closer  scrutiny  detects  that  we 
certainly  must  have  many  sensations  which  are  not 
perceived  at  all.  Thus  if  two  sharp  instruments  be 
made  to  press  gently  on  each  arm,  we  shaU  have  two 
distinct  sensations,  both  perceptible.  Whether  these 
two  sensations  are  simultaneous,  or  successive,  matters 
not,  the  two  impressions  on  the  sensitive  nerves  excite 
two  sensations  in  their  centres.  But  now,  while  the 
left  arm  retaitis  its  sensibility,  if  the  instrument  be 
pressed  so  forcibly  on  the  right  arm  as  to  cause  pain, 
we  become  totally  unaware  of  the  sensation  in  the  left 
arm — we  can  no  longer  perceive  the  sensation  caused 
by  the  instrument,  which  nevertheless  is  pressing  as 
before.  Is  the  sensibility  in  the  left  arm  destroyed  ? 
Not  at  all.  Does  the  sensation  cease  to  exist  during 
the  period  when  we  cease  to  be  aware  of  it  ?  No  :  the 
impression  has  continued  ;  the  relation  of  the  sensitive 
nerve  to  its  centre  has  been  uniaterrupted,  and  the 
sensation  must  consequently  have  continued.  It  will 
be  perceived,  as  soon  as  the  pain  in  the  other  arm 
abates. 

While  I  am  writing  these  lines  the  trees  are  rustling 
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in  the  summer  wind,  the  birds  are  twittering  among 
the  leaves,  and  the  muffled  sounds  of  carriages  rolling  - 
over  the  Dresden  streets  reach  my  ear  ;  but  because 
the' mind  is  occupied  with  trains  of  thought  these 
sounds  are  not  perceived,  until  one  of  them  becomes 
importunate,  or  my  relaxed  attention  turns  towards 
them.    Nevertheless,  when  unperceived,  the  sounds 
reached  my  ear,  and  excited  sensory  impressions :  if 
these  sensory  impressions  are  not  to  be  caUed  sensa- 
tions, because  they  were  not  perceived,  they  must  have 
some  name  given  to  them,  and  a  name  which  will 
indicate  that  they  are  affections  of  the  sensitive 
organism.    They  were  not  lost ;  they  were  not  altered 
in  character  because  their  subsequent  effects  were  not 
manifest  in  Thought ;  they  were  not  without  their  in- 
fluence in  adding  to  the  sum  of  general  Consciousness. 
It  is  because  they  were  states  of  Sensibility  that  they 
must  be  called  sensations. 

To  elucidate  this  we  must  first  consider  the  Law 
of  Sensibility :  No  sensation  terminates  in  itself;  it 
must  either  discharge  its  excitation  in  some  second- 
ary sensation,  or  in  some  motor-impulse.  Generally 
'  it  does  so  in  both  together. 

A  self-terminating  sensation  is  as  inconceivable  as  a 
self-terminating  motion.  The  wave  of  force  is  pro- 
pelled onwards,  and  for  ever  onwards,  now  in  this 
direction,  and  now  in  that.  An  impression  made  on 
the  skin  is  transmitted  by  the  sensory  nerve  to  the 
ganglion,  and  this  ganglion,  being  excited,  excites  the 
motor  nerve  in  connection  with  it,  producing  a  muscu- 
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lar  contraction.  If  this  ganglion  and  pair  of  nerved 
were  all  the  nervous  system,  or  were  isolated  from  the 
others,  nothing  more  would  ensue  ;  the  sensory  stimu- 
lus would  have  discharged  itself  in  a  muscular  con- 
traction, and  what  is  called  a  Eeflex  Action  would  have 
been  produced.  The  stimulus  of  light,  for  instance, 
falling  on  the  eye,  causes  the  muscles  of  the  iris  to 
contract.  But  inasmuch  as  every  gangKon  is  con- 
nected with  other  ganglia,  and  inasmuch  as  we  have 
previously  seen  that  the  nerve-fibres  which  connect 
the  two,  have  their  Neurility  excited  when  one  of  these 
ganglia  is  excited,  the  sensation  awakened  in  the  first 
ganghon  not  only  discharges  itself  in  a  muscular  con- 
tractibn,  or  Reflex  Action,  but  also  in  another  sensa- 
tion,— it  plays  on  a  muscle,  and  it  plays  on  a  centre. 
This  secondary  sensation,  I  have  called  Eeflex  Feeling, 
for  the  sake  of  marking  its  resemblance,  as  a  physio- 
logical process,  to  Eeflex  Action.  This  secondary,  or 
reflex,  feeling  may  in  turn  discharge  itself  in  an  action, 
or  in  another  feeling. 

To  take  a  rough  illustration :  A  fly  settles  on  your 
hand  while  you  are  writing.  The  tickling  sensation 
may  either  cause  you  to  withdraw  youi-  hand,  by 
reflex-action,  without  attracting  any  attention  to  it, 
without  exciting  any  reflex-feeling ;  or  it  may  excite 
your  attention,  without  causing  you  to  withdraw  your 
hand.  Or,  finally,  it  may  cause  you  both  to  withdraw 
your  hand,  and  to  attend  to  it.  In  the  first  of  these 
cases  you  would  be  said  not  to  have  felt  the  fly  ;  your 
attention  was  elsewhere.   But  if  you  had  not  felt  it,  if 
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the  sensation  had  not  been  excited,  no  mthdi-awal  of 
the  hand  would  have  followed. 

We  shall  hereafter  have  to  consider  this  point  more 
thoroughly;  enough  for  the  present  if  we  recognise 
that  a  sensation,  once  excited,  rmist  discharge  itself  in 
a  reflex-action,  or  in  a  reflex-feeling,  and  may  discharge 
itself  in  both. 

.  In.  those  parts  of  the  organism  which  are  so  arranged 
that  the  easiest,  readiest  path  for  the  issue  of  a  sensa- 
tion is  that  of  muscular  contraction,  we  shall  find  that 
every  stimulus  produces  Reflex- Action — in  other  words, 
an  action  not  indeed  unaccompanied  by  sensation,  but 
unaccompanied  by  secondary  sensations,  or  Eeflex- 
Feeling.    The  rhythmic  motion  of  the  heart,  and  the 
movements  of  the  intestines,  are  examples.    They  do 
not  go  on  without  producing  sensation ;  on  the  con- 
trary, the  feeling  excited  by  them  constitutes  an  in- 
tegral part  of  the  general  Consciousness ;  but  habit- 
ually they  excite  no  recognisable  trains  of  secondary 
sensation  ;  and  in  popular  language  we  are  said  not  to 
feel  them.  Winking  and  Breathing  are  in  like  manner 
reflex-actions  ;  but  they  are  both  liable  to  force  double 
issues,  and  to  excite  reflex-feelings  as  well  as  reflex- 
actions, — we  are  then  said  to  feel  that  we  are  winking 
or  breathing.   Contrasted  with  these,  there  are  parts  of 
the  nervous  mechanism  in  which  the  easiest  path  for  a 
sensation  is  that  of  another  sensation ;  one  feeling 
excites,  by  reflex,  another  feeling,  one  idea  calls  up 
another  idea  ;  and  this  either  with,  or  without,  exciting 
a  reflex-action.   If  a  tone  awakens  your  recollection  ot 
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one  bar  of  a  particular  melody,  you  wiU  find  it  is  only 
by  an  effort  that  you  can  prevent  the  whole  of  that 
melody  from  passing  over  your  mind ;  and  this  melody 
may  either  excite  reflex  vocal  expression,  or  be  con- 
tinued without  such  reflex-action. 

Habits,  Fixed  Ideas,  and  what  are  called  Automatic 
Actions,  all  depend  on  the  tendency  which  a  sensation 
has  to  discharge  itself  through  the  readiest  channel 
In  learning  to  speak  a  new  language,  to  play  on  a 
musical  instrument,  or  to  perform  any  unaccustomed 
movements,  great  difficulty  is  felt,  because  the  chan- 
nels through  which  each  sensation  has  to  pass  have 
not  become  established ;  but  no  sooner  has  frequent 
repetition  cut  a  pathway,  than  this  difficulty  vanishes; 
the  actions  become  so  automatic  that  they  can  be  per- 
formed while  the  mind  is  otherwise  engaged;  and 
sometimes,  if  once  commenced,  they  must  continue. 
We  have  all  our  tricks  of  phrase  or  gesture,  which  no 
effort  can  prevent.    We  utter,  as  meaningless  exple- 
tives, phrases  which  originally  cost  us  trouble  to  learn. 
It  is  in  vain  that  people  laugh  at  us  for  the  iteration 
of  "you  know,"  "weU  then,"  and  similar  phrases, 
which  are  often  ludicrously  inappropriate ;  they  have 
become  automatic— the  paths  of  discharge  have  been 
established,  and  along  these  paths  the  sensation  must 
discharge  itseE.    The  same  thing  is  observable  in  the 
region  of  ideas.    Old  associations,  old  beliefs,  are  not 
to  be  displaced.   A  man  may  be  thoroughly  convinced 
to-day  by  the  logic  of  his  opponent,  and  yet  to-morrow 
he  will  be  heard  uttering  his  old  comdctions,  as  if  no 
one  had  ever  doubted  them.    His  mind  cannot  move 
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except  in  the  old  paths.  It  may  be  noted  as  the  pecu- 
liar chai-acteristic  of  vigorous  intellects,  that  their 
thoughts  are  ever  finding  new  pathways  instead  of 
moving  amid  old  associations.  The  vigorous  thinker 
is  one  who  thinks  for  himself ;  the  vigorous  writer  is 
one  who  expresses  what  he  means,  and  does  not  suffer 
one  phrase  automatically  to  determine  another.  If  he 
has  a  manner,  or  mannerism,  it  is  his  own.  Inferior 
minds  think  the  thoughts  of  others,  and  write  the 
phrases  of  others.  Hende,  as  Goethe  says,  in  this 
world  tliere  are  so  few  voices  and  so  many  echoes. 

Eeturning  from  this  digression,  we  may  now  under- 
stand that  although  a  sensation  must  discharge  itself, 
and  may  do  so  in  various  directions,  now  exciting 
muscular  contractions,  and  now  trains  of  thought,  we 
are  not  to  suppose  the  sensation  itself  is  dependent  on 
these  effects  ;  or  to  suppose,  as  the  dominant  doctrine 
does,  that,  unless  a  train  of  thought  be  excited,  no  sen- 
sation at  all  has  been  excited.  Sensation  is  simply  the 
active  state  of  Sensibility,  which  is  the  property  of 
ganglionic  tissue. 

The  mill-wheel,  at  first  so  obtrusive  in  its  sound, 
ceases  at  length  to  excite  any  attention.  The  impres- 
sions on  our  auditory  nerves  continue ;  but  although 
we  hear  them,  we  cease  to  think  about  them  :  the  same 
reflex-feelings  are  no  longer  excited.  It  is  held,  in- 
deed, that  we  cease  to  hear  them,  in  ceasing  to  be 
"  conscious"  that  we  hear  them ;  but  this  is  manifestly 
erroneous.  Let  the  wheel  suddenly  stop,  and  there  is 
an  immediate  corresponding  sensational  change  in  us  ; 
so  much  so,  that  if  it  occurs  during  sleep,  we  awake. 


60 


REELING  AND  THINKING. 


Let  the  wheel  move  with  a  slower  movement,  and  we 
shall  at  once  be  aware  of  it.  Let  it  creak,  and  we  hear 
it.    Now,  it  is  clear  that  unless  we  are  all  the  while 
sensible  of  the  sounds  of  the  wheel,  no  alterations  in 
the  degrees  of  sound  will  affect  us.   If  the  sensation  of 
sound  has  ceased,  the  cessation,  of  that  sound  caimot 
awaken  us.    The  truth  seems  to  be  that  at  first  the 
sound  of  the  wheel  was  obtritsive — excited  reflex-feel- 
ings— gave  determinate  directions  to  our  thoughts. 
It  afterwards  ceased  to  excite  these  feelings,  and  the 
sensations  became  merged  in  the  general  sum  of  sen- 
sations which  make  up  our  total  Consciousness.  "The 
habit  of  hearing  the  same  sounds,"  says  Jouffroy, 
"renders  us  sometimes  highly  sensitive  to  them,  as 
in  the  case  of  savages ;  sometimes  again  almost  in- 
sensible to  them,  as  exemplified  in  the  apathy  of  the 
Parisian  or  Londoner  for  the  noise  of  carriages.  If 
the  effect  were  physical — if  it  depended  on  the  body 
and  not  on  the  mind — there  would  be  a  contradiction, 
for  the  habit  of  hearing  the  same  sound  either 
blunts  the  organ  or  sharpens  it ;  it  could  not  at  once 
have  two,  and  two  contrary,  effects — it  could  have  only 
one.    The  fact  is,  it  neither  blunts  nor  sharpens  ;  the 
organ  remains  the  same — the  same  sensations  are  de- 
termined;  but  when  these  sensations  interest  the 
mind,  it  applies  itself  to  them,  and  becomes  accustomed 
to  their  discrimination  :  when  they  do  not  interest  it, 
it  becomes  accustomed  to  neglect,  and  does  not  discri- 
minate them."  * 

*  Quoted  in  Hamilton  :  Lectures  on  Ilelaphysics,  i.  328. 
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One  cannot  help  the  equivoques  of  language.  It  will 
always  seem  absurd  to  say  we  can  have  sensations  and 
not  be  conscious  of  them,  because  the  word  conscious- 
ness has  become  restricted  to  those  sensations  to  which 
the  attention  is  dhected.  The  explanation  given  by 
Whytt  is  worth  attending  to  :  "  When  I  say  we  are 
not  conscious  of  certain  impressions  made  on  the  mind 
by  the  action  of  material  causes  on  the  organs  of  the 
body,  I  mean  no  more  than  that  we  have  no  such  con- 
sciousness or  perception  of  them,  as  either  convinces 
us  of  their  existence  when  present,  or  enables  us,  by  the 
help  of  memory,  to  recall  them  when  past."  *  Con- 
sciousness is  here  considered  as  identical  with  Percep- 
tion; it  is  generally  considered  identical  with  Sensation. 
And  the  question  recurs :  Can  there  be  sensation  with- 
out perception  ? 

Nothing  is  more  certain  than  that  we  have  many 
sensations  which  are  not  perceived  at  all,  of  which  we 
are  said  to  be  wholly  "  unconscious."  They  are  either 
so  faint  in  themselves,  or  so  familiar,  they  are  either 
so  submerged  in  stronger  sensations,  or  so  incapable  of 
exciting  trains  of  Eeflex-Feeling  in  the  preoccupied 
mind,  that  we  are  neither  "  conscious  "  of  them  when 
present,  nor  capable  of  remembering  them  afterwards. 
For  example  :  it  may  happen  that  we  fall  asleep  during 
a  sermon  (such  cases  have  occurred),  or  while  a  book  is 
being  read  aloud.  The  sound  of  the  speaker's  voice  is 
heard,  but  the  words  gradually  cease  to  be  perceived. 
Page  after  page  is  read  aloud,  exciting  no  perception  at 

*  Whytt  :  Of  the  Vital  and  Involuntary  Motions,  p.  287. 
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all  in  our  minds ;  but  has  there  been  no  sensation 
excited  ?    We  have  not  heard,  but  have  we  not  been 
affected  by  the  sounds?    To  prove  that  we  have,  is 
easy.    Let  the  reader  suddenly  cease,  and  if  our  sleep 
be  not  too  profound,  we  at  once  awake.    Now,  unless 
the  sound  of  his  voice  affected  us,  it  is  clear  that  the 
cessation  of  that  sound  could  not  have  affected  us.  Or 
let  us  suppose  our  sleep  to  be  unbroken  by  the  cessa- 
tion of  the  sound ;  even  this  will  not  prove  that  we 
have  been  unaffected  by  the  sounds,  it  vnll  merely 
prove  that  those  sounds,  or  their  cessation,  did  not 
awaken  a  reflex-feeling.    For  let  the  reader,  in  no 
louder  tone,  ask,  "  Are  you  asleep  ? "  and  we  start  up, 
with  round  eyes,  declaring,  "  Not  at  alL''    Nay,  should 
even  this  question  fail  to  awaken  us,  the  speaker  need 
only  utter  some  phrase  likely  to  excite  reflex-feeliag — 
such  as  "  There's  the  postman,"  or  "  I  smell  fire,"  and 
we  start  up. 

I  remember  once  trying  the  experiment  on  a  wearied 
waiter,  who  had  fallen  asleep  in  one  of  the  unoccupied 
boxes  of  a  tavern.  His  arm  rested  on  the  table,  and 
his  head  rested  on  his  arm  :  he  snored  the  snore  of  the 
weary,  in  spite  of  the  noisy  laughter  and  talk  of  the 
guests.  I  called  out  "  Johnson,"  in  a  loud  tone.  It 
never  moved  him.  I  then  called  "  Wilson,"  but  he 
snored  on.  No  sooner  did  I  call  "  waiter,"  than  he 
raised  his  head  with  a  sleepy  "  yessir!'  Now,  to  sup- 
pose, in  this  case,  that  he  had  no  sensation  when  the 
words  "Johnson"  and  "Wilson"  reached  his  ears,  but 
had  a  sensation  when  the  word  "waiter"  reached  his 


SENSATIONS  DURING  SLEEP. 


63 


ears,  is  to  suppose  that  two  similar  causes  will  not  pro- 
duce a  similar  eflfect.  The  dissyllable  "Johnson"  would 
excite  as  potent  a  reaction  of  his  Sensibility  as  the 
dissyllable  "  waiter  : "  but  the  secondary  sensations — 
the  reflex-feelipgs—were  different,  because  the  word 
"Johnson"  was  not  associated  in  his  mind  with  any 
definite  actions,  whereas  the  word  "waiter"  was  so 
associated  as  to  become  an  automatic  impulse* 

Two  sisters  are  asleep  in  the  same  bed,  and  a  child 
cries  in  the  next  room.  The  sounds  of  these  cries  will 
give  a  similar  stimulus  to  the  auditory  nerve  of  each 
sister,  and  excite  a  similar  primary  sensation  in  each. 
Nevertheless,  the  one  sister  sleeps  on  undisturbed, 
and  is  said  not  to  hear  the  cry.  The  other  springs  out 
of  bed,  and  attends  to  the  child,  because  she  being 
accustomed  to  attend  on  the  child  and  soothe  it  when 
crying,  the  primary  sensation  has  excited  secondary 
sensations,  or  reflex-feelings,  which  lead  to  accustomed 
actions.  Could  we  look  into  the  mind  of  the  sleeping 
sister,  we  should  doubtless  find  that  the  sensation  ex- 
cited by  the  child's  cry  had  merged  itself  in  the  general 
stream  of  Consciousness,  and  perhaps  modified  her 
dreams.  Let  her  become  a  mother,  or  take  on  the  tender 
duties  of  a  mother,  and  her  vigilance  will  equal  that  of 
her  sister ;  because  the  cry  will  then  excite  a  definite 
reflex-feehng,  and  a  definite  course  of  action.  But  this 
very  sister,  who  is  so  sensitive  to  the  cry  of  a  child, 

'  *  Dr  Carpenter  tells  a  similar  story  of  Admiral  Codrington,  who, 
when  a  midshipman,  could  always  he  awakened  from  the  profoundest 
slumber  if  the  word  "signal"  were  uttered;  whereas  no  other  word 
disturbed  him. 


64 


FEELING  AND  THINKING. 


■will  be  undisturbed  by  a  mucli  louder  noise ;  a  dog 
may  bark,  or  a  heavy  waggon  tbunder  along  the  street, 
without  causing  her  to  turn  in  bed.* 

Although  during  sleep  the  nervous  centres  have  by 
no  means  their  full  activity,  they  are  always  capable  of 
responding  to  a  stimulus,  and  Sensation  will  always 
be  produced.    When  the  servant  taps  at  your  bedroom 
door  in  the  morning,  you  are  said  not  to  hear  the  tap, 
if  asleep  ;  you  do  not  perceive  it ;  but  the  sound  reaches 
and  rouses  you  nevertheless,  since  when  the  second  tap 
comes,  although  no  louder,  you  distinctly  recognise  it. 
In  etherised  patients,  Sensation  is  constantly  observed 
returning  before  any  consciousness  of  what  is  going  on 
returns.    "I  was  called,"  says  Mr  Potter,  "to  give 
chloroform  to  a  lady  for  the  extraction  of  ten  teetL 
The  first  five  were  extracted  without  the  slightest  move- 
ment, but  as  the  operation  proceeded,  sensation  re- 
tm-ned,  and  I  was  obliged  to  use  considerable  force  to 
keep  her  in  the  chair  during  the  extraction  of  the  last 
tooth.    She  came  to  herself  very  shortly  after,  and  was 
delighted  to  find  she  had  got  over  all  her  troubles  with- 
out having  felt  it  the  least  in  the  world."  f 

There  is,  I  repeat,  an  unfortunate  equivoque  in  lan- 
guage which  makes  it  sound  absurd  to  speak  of  unper- 
ceived  sensations.  Men  have  for  so  long  confounded 
Sensation  with  Perception,  because  the  two  are  so  con- 
stantly blended,  that  it  is  startling  to  hear  of  one  occur- 

*  Compare  an  interesting  personal  example  given  byJoUFFBOT, 
quoted  in  Sir  W.  Hamilton's  Lectures,  i.  331. 
ttoceC,  10th  July  1858. 
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rino-  without  the  other.  But  even  the  jDhy-siologists, 
whose  views  are  here  combated,  fall  into  the  same  equi- 
voque of  language,  and  speak  of  "  Unconscious  Sensi- 
bility." In  spite  of  all  such  verbal  difficulties,  we  must 
steadily  bear  in  mind  that  a  sensation,  being  the  active 
state  of  any  one  ganglion,  is  not  dependent  for  its  ex- 
istence on  the  activity  of  any  other  ganglia  which  it 
may,  by  reflex-movement,  excite.  Every  excitement 
of  a  nerve-centre  produces  a  sensation  ;  the  sum  total 
of  such  excitements  forms  the  general  Consciousness, 
or  sense  of  existence. 

We  do  not  see  the  stars  at  noonday,  yet  they  shine. 
We  do  not  see  the  sunbeams  playing  among  the  leaves 
on  a  cloudy  day,  yet  it  is  by  these  beams  that  the  leaves 
and  all  other  objects  are  visible.  There  is  a  general 
illumination  from  the  sun  and  stars,  but  of  tliis  we  are 
seldom  aware,  because  our  attention  falls  upon  the 
illumined  objects,  brighter  or  darker  than  this  general 
tone.  There  is  a  sort  of  analogy  to  this  in  the  general 
Consciousness,  which  is  composed  of  the  sum  of  sensa- 
tions excited  by  the  incessant  simultaneous  action  of 
internal  and  external  stimuli.  This  forms,  as  it  were, 
the  dayhght  of  our  existence.  We  do  not  habitually 
attend  to  it,  because  attention  falls  on  those  particular 
sensations  of  pleasure  or  of  pain,  of  greater  or  of  less 
intensity,  which  usurp  a  prominence  among  the  objects 
of  the  sensitive  panorama.  But  just  as  we  need  the 
daylight  to  see  the  brilliant  and  the  sombre  forms  of 
things,  we  need  this  living  Consciousness  to  feel  the 
pleasures  and  the  pains  of  life.    It  is  therefore  as  erro- 
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neous  to  imaoine  that  we  have  no  other  sensations  than 
those  on  which  the  attention  falls — those  which  we 
distinctly  recognise — as  to  imagine  that  we  see  no  other 
light  than  what  is  reflected  from  the  shops  and  equi- 
pages, the  colours  and^  splendours  which  arrest  the  eye. 

The  amount  of  light  received  from  the  stars  may  be 
small,  but  it  is  present.  The  greater  glory  of  the  sun- 
light may  render  this  starUght  inappreciable,  but  it 
does  not  render  it  inoperative.  In  like  manner  the 
amount  of  sensation  received  from  some  of  the  smaller 
gangUa  may  be  inappreciable  in  the  presence  of  more 
massive  influences  from  other  centres  ;  but  though  in- 
appreciable it  cannot  be  inoperative— it  must  form  an 
integer  in  the  sum. 

The  reader's  daily  experience  will  assure  him  that 
over  and  above  all  the  particular  sensations  capable  of 
being  separately  recognised,  there  is  a  general  stream 
of  Sensation  which  constitutes  his  feeling  of  existence 
—the  Consciousness  of  himself  as  a  sensitive  beiag. 
The  ebullient  energy  which  one  day  exalts  life,  and  the 
mournful  depression  which  the  next  day  renders  life  a 
burden  almost  intolerable,  are  feelings  not  referable  to 
any  of  the  particular  sensations  ;  but  arise  from  the 
massive  yet  obscure  sensibilities  of  the  viscera,  which 
form  so  important  a  part  of  the  general  stream  of  Sensa- 
tion. Some  of  these  may  emerge  into  distinct  recogni- 
tion. We  may  feel  the  heart  beat,  the  intestines  move, 
the  glands  secrete ;  anything  unusual  in  their  action 
will  force  itself  on  our  attention. 

"What  we  have  been  long  used  to,"  says  Whytt, 
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"  we  become  scarcely  sensible  of ;  while  things  which 
are  new,  though  much  more  trifling,  and  of  weaker 
impression,  affect  us  remarkably.  Thus  he  who  is  wont 
to  spend  his  time  in  the  country  is  surprisingly  affected, 
upon  first  coming  into  a  populous  city,  with  the  noise 
and  bustle  which  prevail  there  :  of  this,  however,  he 
becomes  daily  less  sensible,  till  at  length  he  regards  it 
no  more  than  they  who  have  been  used  to  it  all  their 
lifetime.  The  same  seems  ta  be  the  case  also  with  what 
passes  within  our  bodies.  Few  persons  in  health  feel 
the  beating  of  their  heart,  though  it  strikes  against 
their  ribs  with  considerable  force  every  second ;  whereas 
the  motion  of  a  fly  upon  one's  face  or  hands  occasions 
a  very  sensible  and  uneasy  titillation.  The  pulsation 
of  the  great  aorta  itself  is  wholly  unobserved  by  us  ; 
yet  the  unusual  beating  of  a  small  artery  in  any  of  the 
fingers  becomes  very  remarkable." 

A  large  amount  of  sensation  is  derived  from  the 
muscular  sense,  yet  we  are  not  aware  of  the  nice  ad- 
justments of  the  muscles,  regulated  by  this  sensibility, 
when  we  sit  or  walk.  No  sooner  are  we  placed  in  an 
exceptional  position,  as  in  walking  on  a  narrow  ledge, 
than  we  become  distinctly  aware  of  the  efibrt  required 
to  preserve  equilibrium.  It  is  not  the  novelty  of  the 
position  which  has  increased  our  sensibility  ;  that  has 
only  caused  us  to  attend  to  oilr  sensations.  In  like 
manner,  the  various  streams  of  sensation  which  make 
up  our  general  sense  of  existence,  separately  escape 
notice  \mtil  one  of  them  becomes  obstructed,  or  in- 
creases in  impetuosity.    When  we  are  seated  at  a  win- 


68  FEELING  AND  THINKING. 

dow,  and  look  out  at  the  trees  and  sky,  we  are  so 
occupied  with  the  aspects  and  the  voices  of  external 
Nature,  that  no  attention  whatever  is  given  to  the 
^fact  of  our  own  existence  ;  yet  all  this  while  there  has 
been  a  massive  and  diffusive  sensation  arising  from  the 
organic  processes  ;  and  of  this  we  become  distinctly 
aware  if  we  close  our  eyes,  shut  off  all  sounds,  and 
abstract  the  sensations  of  touch  and  temperature— it 
is  then  perceived  as  a  vast  and  powerful  stream  of 
sensation,  belonging  to  none  of  the  special  Senses,  but 
to  the  System  as  a  whole.    It  is  on  this  general  stream 
that  depend  those  well-known  but  indescribable  states 
of  Consciousness,  named  "  feeling  well''  and  "feeling 
ill"— the  Men  etre  and  malaise  of  every  day.    Of  two 
men  looking  from  the  same  window,  on  the  same  land- 
scape, one  will  be  moved  to  unutterable  sadness,  yearn- 
ing for  the  peace  of  death ;  the  other  will  feel  his  soul 
suffused  with  serenity  and  content :  the  one  has  a  gloomy 
background  of  Consciousness,  into  which  the  sensations 
excited  by  the  landscape  are  merged ;  the  other  has  a 
happy  background  of  Consciousness,  on  which  the  sensa- 
tions play  like  ripples  on  a  sunny  lake.    The  tone  of 
each  man's  feeling  is  determined  by  the  state  of  his 
general  consciousness.    Except  in  matters  of  pure  de- 
monstration, we  are  all  determined  towai'ds  certain 
conclusions  as  much  by  this  general  consciousness  as 
by  logic.    Our  philosophy,  when  not  borrowed,  is  little 
more  than  the  expression  of  our  personality. 

Consciousness,  in  the  general  sense,  is  the  sum  total 
of  aU  our  sensibiUties,  the  confluence  of  many  streams' 
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of  sensation.  Consciousness,  in  the  particular  sense,  is 
only  another  term  for  SensibHity :  we  have  as  many  dif- 
ferent forms  of  consciousness  as  we  have  different  kinds 
of  sensation.  While  some  of  these  confluent  streams 
are  so  slight  that  they  are  no  more  appreciable  than 
are  the  stars  at  noonday,  others  are  so  equable  and  con- 
stant, that  they  attract  no  attention  unless  their  currents 
are  disturbed.  Thus  healthy  men  are  scarcely  able  to 
distinguish  the  sensations  excited  by  the  circulation  of 
the  blood,  or  the  movement  of  the  intestines ;  yet  a 
slight  alteration  in  these  sensations  will  be  felt  at  once. 

We  may  here  conclude  the  discussion  of  this  question 
by  affirming  that  the  evidence  proves  the  inadequacy  of 
the  current  hypothesis,  which  says  that  unless  a  sensa- 
tion is  perceived  it  does  not  exist— it  is  a  mere  impres- 
sion. The  hypothesis  here  combated  says,  explicitly  or 
implicitly,  that  a  nerve-centre  may  receive  a  stimulus, 
but  this  stimulus  will  not  awaken  a  sensation,  unless  it 
be  transmitted  from  that  centre  to  some  other  centre. 
Though  why  one  centre  should  have  the  property  of 
Sensibility  which  another  centre,  identical  in  substance, 
has  not,  no  physiologist  has  attempted  to  explain. 

I  request  the  reader  particularly  to  observe  that  it  is 
no  merely  verbal  difference  which  is  established,  when 
what  is  usually  called  an  impression  is  here  called  a 
sensation,  and  when  a  sensation  is  distinguished  from 
a  perception.  More  than  once  has  this  objection  been 
urged,  the  objector  thinking  that  my  dissent  from 
established  opinions  amounted  to  no  more  than  calling 
an  impression  by  another  name.    My  dissent  reaches 
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to  the  very  foundations.  A  verbal  difference,  carrying 
with  it  no  important  consequences,  would  not  be  worth 
so  much  labour  as  has  been  bestowed  on  elucidating 
this  point.  Those  who  say  that  an  impression  which 
is  not  perceived  has  no  element  of  sensation  in  it,  say 
that  when  the  preoccupied  mind  does  not  hear  the  roU 
of  carriages  in  the  street,  the  effect  of  the  vibrations  of 
the  air  upon  the  auditory  centre  has  been  no  more  than 
the  effect  on  the  window-pane  :  a  mere  physical  im- 
pulse has  been  given.  Whereas  I  aver  that  just  as  the 
window-pane  reacts  according  to  the  properties  of  glass, 
so  does  the  auditory  centre  react  according  to  the  pro- 
perties of  nerve-centres — and  something  more  than  an 
impression  is  the  result :  the  impression  is  sensitive. 

It  is  surely  much  more  than  a  verbal  difference  when 
one  school  asserts  that  some  animals  have  Minds,  and 
other  animals  only  Instincts,  and  another  school  asserts 
that  all  animals  have  Minds,  but  the  minds  of  some  are 
strikingly  inferior  in  range,  complexity,  and  energy,  to 
those  of  others.  It  is  surely  more  than  a  verbal  differ- 
ence when  a  philosophic  natm'alist,  detecting  the  uni- 
formities which  underlie  the  diversities  noticeable  in 
the  actions  of  animals,-  declares  that  they  are  aU  guided 
by  sensations,  and  these  are  aU  due  to  a  nervous  system 
— in  opposition  to  those  who  call  the  actions  of  some 
animals  mental,  and  the  same  actions  in  other  animals 
mechanical.  And  such  is  the  difference  between  the 
view  I  advocate,  and  the  view  I  combat.  My  view  may 
be  erroneous ;  at  any  rate  it  is  not  limited  merely  to  a 
change  of  terms.   If  it  be  said,  that  since  I  admit  a  dif- 
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ference  between  sensation  and  perception— tliat  is,  be- 
tween one  sensation  and  another— tliis  amounts  pretty 
much  to  the  ordinary  distinction  between  an  impres- 
sion and  a  sensation  ;  the  answer  is  very  simple  :  a 
natm-alist  admits  the  difference  between  two  animals, 
admits  that  a  monkey  is  very  unlike  an  oyster,  and  that 
the  two  should  never  be  confounded  ;  but  while  they 
differ,  they  also  agree:  he  classes  them  according  to  their 
differences,  but  their  fundamental  agreements  make 
him  range  both  under  the  general  conception  of  an 
Animal.    Various  as  animals  are,  he  knows  that  under- 
lying all  diversities  there  are  certain  uniformities  ;  all 
animals  belong  to  the  grand  division  of  Animalia,  and 
obey  the  same  biological  laws.    Now  it  is  precisely  this 
reform  that  I  desire  to  see  introduced  into  our  physi- 
ology of  the  Nervous  System— that  we  should  recog- 
nise the  uniformities  underlying  the  diversities,  and  re- 
cognise that  all  nerve-centres,  as  such,  have  properties 
in  common,  laws  in  common.    The  sensations  derived 
through  the  organic  processes  are  very  unlike  those 
derived  through  the  five  Senses  ;  and  Pain  is  unlike 
both  ;  yet  they  are  all  sensations.    Hunger  is  unlike 
Thirst ;  Thirst  is  unlike  Fatigue  ;  Light  is  unlike 
Hearino-.    But  these  are  all  elements  of  the  general 
Consciousness  :  all  active  states  of  nerve-centres. .  In- 
stead of  admitting  this  simple  principle,  physiologists, 
implicitly  or  explicitly,  assert  that  one  nerve-centre  or 
group  of  centres  has  a  property  of  Sensibility  not  pos- 
sessed at  all  by  similar  centres.  Even  those  who  seem  to 
have  felt  some  scruple  in  denying  sensibility  to  all  the 
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centres,  have  been  forced,  by  their  adherence  to  the  notion 
of  a  sensation  being  impossible  without  the  Brain,  to 
establish  two  distinct  classes — namely,  the  Conscious 
Sensibility,  and  the  Unconscious  Sensibility  ;  in  other 
terms,  Animal  Sensibility  and  Organic  Sensibility.  The 
latest  upholder  of  this  view  thus  expresses  himself : — 

"  All  the  secretions  take  place  under  the  influence 
of  a  reflex  action,  and  sometimes  the  sensation,  which 
is  the  point  of  departure  of  this  action,  is  a  conscious 
sensation,  at  other  times  unconscious.  Thus  the  sali- 
vary secretion,  which  takes  place  when  vinegar  is  in- 
troduced into  the  mouth,  is  a  secretion  which  succeeds 
a  conscious  sensation  (une  sensation  avec  conscience). 
The  secretions  of  gastric  juice,  pancreatic  juice  or 
bile,  which  take  place  when  food  passes  along  the 
digestive  tube,  on  the  contrary,  succeed  to  sensations 
without  consciousness."  * 

Now,  physiologically,  the  process  in  each  of  these 
cases  is  identical :  a  stimulus  is  given  to  the  Neurility 
of  a  nerve,  which  excites  the  Sensibility  of  a  centre, 
and  that,  in  turn,  stimulating  the  Neurility  of  the 
nerve  distributed  to  the  gland,  produces  thereby  a 
Secretion.  There  is  a  difference  between  the  organ  of 
Taste,  stimulated  by  the  vinegar,  and  the  stomach  or 
liver,  stimulated  by  the  food  ;  there  is  a  difi'erence  also 
in  the  secretions  :  but  in  each  case  the  stimulus  has  first 
awakened  Sensation,  and  then  Secretion.  If  the  sensation 
of  the  one  is  to  be  called  conscious,  and  the  other  uncon- 
scious, this  use  of  language,  though  justifiable,  will  be 
*  Claude  Bbenard  :  Systeme  Nervmx,  i.  357. 
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excessively  misleading.  It  would  be  far  better  to  say- 
that  the  sensation  produced  by  the  vinegar,  being  de- 
rived from  a  special  sense  (Taste),  could  be  distinctly 
recognised  as  special ;  whereas  the  sensations  excited 
by  the  food,  being  derived  from  no  special  sense,  but 
from  the  Systemic  SensibiHty,*  must  necessarily  be 
milike  the  taste  of  vinegar,  and  not  being  a  special 
sensation,  is  less  readily  recognisable. 

The  conclusion,  then,  which  we  have  reached  is  briefly 
-  this  :  In  muscular  tissue  there  is  an  inherent  property 
named  Contractility  ;  this  serves  various  functions  in 
various  muscles.    All  the  movements  of  our  different 
organs  depend  on  this  property  ;  and  the  complex  me- 
chanism which  performs  the  many  movements,  say  of 
the  hand,  is  a  complex  of  simple  muscular  contractions. 
In  like  manner  ganglionic  tissue  has  an  inherent  pro- 
perty. Sensibility,  which  serves  various  functions  in  vari- 
ous organs :  however  complex  anyone  of  these  functions, 
we  should  find,  could  we  analyse  it,  that  it  was  a  com- 
plex of  simple  sensations.    There  is  an  incessant  action 
and  interaction  of  the  various  parts  of  the  sensitive 
mechanism  :  sensations  cross  and  recross,  exciting  and 
modifying  each  other;  and  the  sum  totalis  a  feeling  of 
existence.    In  the  lower  animals,  with  a  simple  nervous 
system,  the  sensitive  phenomena  are  simple :  as  the 
organisation  increases  in  complexity,  the  sensitive  phe- 
nomena necessarily  become  more  complex ;  the  elements 
of  general  Consciousness  become  more  numerous. 

*  This  distinction  between  special  and  systemic  sensations  will  be 
elucidated  hereafter. 
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VIII.  Vaeious  Forms  of  Consciousness. — A  basis 
has  been  laid,  in  the  foregoing  paragraphs,  for  a  true 
zoological  classification  of  mental  phenomena.  The 
unity  of  the  nervous  system  throughout  the  Animal 
Kingdom  has  been  generally  recognised ;  but,  strangely 
enough,  the  unity  of  Consciousness  has  not  been  de- 
duced from  it.  In  ascending  the  scale  we  pass  from 
animals  destitute  of  real  movements,  and  manifesting 
only  contractions  ;  as  we  note  in  the  higher  animals 
the  ever-increasing  variety  and  complexity  of  move- 
ment, we  find  that  no  new  property  has  been  acquired ; 
but  that  the  same  primordial  tissue,  with  its  Contractil- 
ity, suffices  for  all  the  new  complex  phenomena.  Yet 
we  speak,  and  justly,  of  simple  contractions,  of  volun- 
tary and  involuntary  movements,  of  flexion  and  exten- 
sion, and  so  on.  I  think  we  should  do  the  same  with 
Sensibility,  or  Consciousness,  which  may  be  conven- 
iently grouped  under  three  heads  :  1.  Systemic-Con- 
sciousness; 2.  Sense-Consciousness ;  2>.  Thought-Con- 
sciousness.   A  few  words  will  explain  these  more  fully. 

Systemic-Consciousness  includes  aU  those  sensations 
which  arise  in  the  system  at  large,  chiefly  in  the 
organic  processes,  and  form  the  more  massive  and 
diffiisive  elements  of  the  sense  of  existence.  This 
must  belong  to  the  simplest  animals,  irnless  we  adopt 
the  hypothesis  of  Descartes,  that  aU  animals  are  living 
machines,  whose  actions  are  wholly  without  conscious- 
ness. Many  who  reject  this  hypothesis  feel  great 
diflBculty  in  crediting  all  animals  with  consciousness 
or  sensation ;  because  few  writers  can  rid  themselves  of 
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the  embarrassing  equivoques  of  our  orcUnary  language. 
The  equivoque  here  leads  them  to  suppose  some  eleutent 
of  Thought  is  included  in  Consciousness,  and  even  in 
Sensation.    But  although  every  animal  must  feel,  it 
does  not  follow  that  it  should  think.    Every  animal 
must  contract,  but  it  does  not  follow  that  it  should 
move.    Thinking  results  from  a  more  complex  organ- 
isation than  is  given  to  every  animal ;  but  Conscious- 
ness is  the  attribute  of  every  animal  organism.  Simple 
as  the  forms  of  Consciousness  may  be  in  the  lower  ani- 
mals, it  must  be  nevertheless  essentially  akin  to  the 
more  complex  forms  in  the  higher  animals.  Unless 
we  admit  this,  it  will  be  impossible  to  say  where  sensa- 
tion first  begins.    If  the  Mollusc  is  without  sensation, 
the  Crustacean  is  without  it.    If  the  crab  is  a  machine, 
so  is  the  bee  ;  if  the  bee,  then  the  beaver,  the  elephant, 
the  dog,  the  monkey.    It  is  true  that  when  we  pass 
from  the  monkey  to  the  man,  a  wide  interval  is  obvi- 
ous :  the  greater  fulness  and  splendour  of  conscious  life 
which  man  possesses  above  all  other  created  beings  may 
account  for  the  disinclination  of  philosophers  to  admit 
that  animals  can  share  even  a  modest  claim  to  similar 
prerogatives.    But  the  time  for  such  exclusiveness  is 
passed :  science  has  shown  that  amid  the  infinite  varie- 
ties of  animal  life,  certain  constant  uniformities  exist ; 
and  that  in  the  magnificent  drama  of  creation,  the 
humble  scene-shifter  is  of  the  same  nature  as  the  more 
highly-endowed  tragedian,  who  plays  the  noblest  parts. 
Unless  we  are  to  throw  science  to  the  winds,  we  must 
admit  that  all  animals  are  conscious  (have  sensations), 
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tliough  all  have  not  every  form  of  consciousness.  There 
are  those  that  have  systemic  sensations,  but  no  senses, 
such  as  sight,  hearing,  smeU.  There  are  others  that 
have  systemic  sensations,  and  sense-sensations,  but 
little  or  nothing  of  what  we  mean  by  Thought.  All 
depends  on  the  complexity  of  the  organism. 

The  Systemic  sensations  in  man  are  massive  in 
effect,  and  constant ;  and  because  they  are  constant 
and  familiar,  seldom  rise  into  distinct  recognition. 
This  has  led  to  their  being  denied  the  character  of 
sensations.    It  is  said,  for  example,  that  we  have  no 
sensations  in  the  alimentary  canal,  unless  pain  be  pro- 
duced there.    And  the  following  proof  is  offered  :  If 
we  swallow  iced- water,  there  is  a  sensation  of  cold  ex- 
cited in  the  mouth,  throat,  and  gullet ;  but  this  sensa- 
tion disappears  as  the  water  reaches  the  stomach :  if 
any  vestige  of  sensation  remain,  it  wiU  be  only  at  the 
upper  part  of  the  stomach.    This  is,  however,  no  proof 
at  all.    The  sensation  of  cold  is  a  special  sensation,  of 
which,  as  we  shall  see  hereafter,  only  certain  organs  are 
susceptible — the  same  nerve  which  is  susceptible  of  cold 
when  the  cold  substance  reaches  it  through  the  skin, 
is  not  susceptible  of  cold  when  the  trunk  of  the  nerve 
is  directly  touched  ;  and  there  is  nothing  remarkable  in 
the  stomach  not  having  this  special  form  of  sensibility. 
But  if  the  iced- water,  on  reaching  the  stomach,  ceases 
to  produce  a  sensation  of  cold,  it  does  not  cease  to 
affect  the  sensitive  nei-ves  ;  it  therefore  produces  some 
other  sensation — one  of  comfort  or  discomfort,  perhaps. 
We  are  assuredly  conscious  of  some  difference  in  our 
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o-eneral  feeling — a  difFusivo  sensation  radiates  from  the 
stomach.  It  may  escape  recognition,  like  a  rivulet 
mino-lino-  with  a  river,  and  adding  to  its  general  mo- 
mentum  ;  but  though  unrecognised,  it  is  not  ^mfclt. 

If  instead  of  iced-water  we  swallow  brandy-and- 
water,  the  sensations  of  taste  excited  by  the  brandy, 
being  special  sensations,  will  cease  in  the  stomach.  In 
the  mouth,  the  brandy  and  the  water  excited  sensations 
ofnaste,  and  of  cold;  in  the  gullet,  of  cold  without 
taste ;  in  the  stomach,  of  neither  cold  nor  taste,  but 
something  else — a  diffusive  sensation  quite  familiar  to 
aU  readers,  but  not  easily  to  be  described. 

Hereafter  we  shaU  have  to  consider  more  in  detail  the 
various  Systemic-sensations;  enough  for  the  present 
if  we  have  indicated  the  class.  The  second  class  forms. 

The  Sense-Consciousness,  and  includes  all  those 
sensations  which  are  derived  from  the  organs  of  the 
five  Senses.  As  a  rule,  it  is  only  these,  and  Pain, 
which  are  admitted  to  be  sensations  at  all,  by  those 
who  fail  to  perceive  the  distinction  between  Sensibility 
and  particular  forms  of  Sensibility. 

Thought-Consciousness  is  the  third  and  last  class, 
and  includes  all  those  phenomena  of  Thought  and 
Emotion  with  which  the  psychologist  concerns  him- 
self ;  all  that  the  physiologist  can  do  with  them  is  to 
indicate  the  relation  in  which  they  stand  to  the  lower 
forms  of  consciousness  ;  and  the  special  organs  of  the 
nervous  system  which  serve  them.  I  have  adopted 
the  rather  clumsy  term  Thought  -  consciousness,  in 
order  to  mark  out  distinctly  the  fundamental  union  of 
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this  witli  the  other  forms  of  Sensibility,  and  at  the 
same  time  to  mark  the  speciality  of  its  phenomena. 
What  Thought  is  we  do  not  know,  perhaps  we  never 
shall.  We  do  not  know  what  Life  is.  But  the  realm 
of  mystery  may  be  reduced  to  one  of  "  orderly  mys- 
tery ; "  we  may  learn  what  are  the  laws  of  Life,  and 
what  are  the  laws  of  Thought.  The  first  is  the  pro- 
vince of  the  physiologist,  the  second  is  the  province  of 
the  psychologist.    Let  us  keep  to  our  own  : 

"  Musicians  think  our  souls  are  haimonies  ; 
Physicians  hold  that  they  complexions  be ; 
Epicures  make  them  swarms  of  atomies 
Which  do  by  chance  iato  our  bodies  flee. 

One  thinks  the  soul  is  air  ;  another  fire  ; 
Another  blood  diffused  about  the  heart : 
Another  saith  the  elements  conspire, 
And  to  her  essence  each  doth  yield  a  part. 

Some  think  one  gen'ral  soul  fills  every  brain. 
As  the  bright  sun  sheds  light  in  every  star  ; 
And  others  think  the  name  of  soul  is  vain, 
And  that  we  only  weU-mixed  bodies  are. 

Thus  these  great  clerks  their  little  wisdom  show, 
While  with  their  doctrines  they  at  hazard  play."  * 

We  will  take  the  warning.  Our  task  is  difficult 
enough  without  extra  complications.  We  have  stUl  to 
point  out  what  light  Physiology  can  at  present  fur- 
nish, in  the  attempt  to  determine  the  vaiious  organs 
for  the  various  mental  functions — ^in  other  words,  what 
is  the  relation  between  the  Mind  and  the  Beatn. 
*  Sib  John  Davies  :  Oii  the  ImmorUdity  of  the  SouL 
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The  experimeuts  of  Claude  Bernard  and  Kolliker 
have  proved  that  the  woorara  poison  aflfects  the 
muscle-nerves,  and  leaves  the  skin-nerves  unaffected, 
paralysing  the  limbs,  but  not  destroying  sensibility. 
At  the  reading  of  my  paper  on  the  Sensory  and  Motor 
Nerves  at  the  "  British  Association,"  this  fact  was  re- 
ferred to  as  proof  that  a  distinction  existed  between 
the  properties  of  the  two  nerves.    I  had  already  satis- 
fied myself  that  such  a  conclusion  was  erroneous  ;  but 
it  may  be  desirable  here  to  refute  the  conclusion  by 
one  decisive  argument.    We  are  completely  in  the  dark 
as  to  the  conditions  which  determine  the  efiFect  of  a 
poison  on  the  nerves ;  but  that  the  resistance  of  the 
skiu-nerves  to  an  influence  to  which  the  muscle-nerves 
succumb,  is  no  proof  of  a  difference  in  the  properties 
of  the  nerves,  is  demonstrated  by  the  fact  that  only- 
some  of  the  motor-nerves  are  afFected  by  the.  poison— 
and  of  these  nerves,  only  their  terminations  in  the 
muscles  are  affected,  not  the  fibres  of  their  trunks  ; 
whereas  other  nerves  distributed  to  muscles  resist  the 
poison,  no  less  decisively  than  the  skin-nerves.  An 
animal  poisoned  by  woorara  has  its  limbs  paralysed ; 
but  its  tan  is  as  vigorous  as  ever.    The  nerves  which 
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move  the  muscles  of  the  limbs  are  not  different  in  pro- 
perties from  those  which  move  the  muscles  of  the  tail ; 
yet  the  one  class  succumbs,  the  other  resists  ;  evidently 
because  there  is  some  set  of  conditions  which  favours 
the  action  of  the  poison  in  the  one  case,  and  prevents 
it  in  the  other.  The  nerves  which  move  the  heart 
and  intestines  are  likewise  unaffected  by  the  poison. 
Moreover,  the  fact  that  the  nerve-fibre  is  unaffected 
everywhere  except  at  its  termination,  proves  that  there 
must  be  some  other  cause  at  work  than  the  property  of 
the  nerve-fibre  itself.  A  similar  peculiarity  is  notice- 
able of  the  muscles,  there  being  poisons  which  destroy 
the  contractility  of  the  muscles  of  the  heart,  and  have 
no  appreciable  effect  on  the  muscles  of  the  trunk  ;  yet 
no  one  ventures  to  assert  that  the  muscles  of  the  heart 
are  essentially  different  from  all  other  muscles. 


CHAPTER  IX. 
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SECTION  I.  —  THE  CEKEBETJM. 

Recapikilation— Prejudice  respecting  the  Brain  as  the  sole  organ  of 
the  jVIind— Three  sources  of  our  knowledge  :  Experiment,  Disease, 
Comparative  Anatomy— Description  of  the  Brain— Evidence  of  Com- 
parative Anatomy  against  the  idea  of  the  Brain  as  the  sole  seat  of 
sensation  and  will-Nervous  systems  of  Mollusc  and  Beetle  compared 
—Weight  of  the  Brain-The  convolutions  ;  are  they  the  seat  of 
intelligence?— Functions  of  the  Cerebrum— Effect  of  pressure  on 
the  Brain:  cui-ious  case— The  researches  of  Flourens— State  of 
Animals  when  the  Cerebrum  is  removed— Persistence  of  sensation 
and  voUtion  after  removal  of  the  Cerebrum  —  Experiments  of 
Flourens,  Bouillaud,  Longet,  and  Dalton— Relation  of  the  Cerebrum 
to  the  nerves— Forms  of  Sensibility  peculiar  to  the  Cerebrum— In- 
teUect  and  Emotion— How  can  identical  convolutions  have  different 
functions  ?— Phrenology— Explanation  of  the  difficulty— Relation  of 
the  Intellect  to  the  Senses,  and  of  the  Emotions  to  the  Viscera— Other 
functions  of  the  Cerebrum. 

In  the  preceding  chapter  I  have  endeavoured  to  estab- 
lish the  following  propositions,  as  the  basis  of  a  new 
doctrine  of  nervous  action  : — 

1°.  All  nerves  have  one  common  property— Neuril- 
ity — by  means  of  which  they  excite  contraction  in  a 
muscle,  secretion  in  a  gland,  and  sensation  in  a  nerve- 
centre. 

VOL.  .n.  5" 
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2°.  The  property  of  nerves  depends  on  their  struc- 
ture. The  functions,  or  uses,  of  nerves  are  determined 
by  their  anatomical  distribution — i.e.,  their  connection 
with  other  parts  of  the  organism. 

3°.  All  nerve-centres  have  one  common  property — 
Sensibility — which  is  excited  by,  and  in  turn  excites, 
the  NeurUity  of  nerves  ;  and  thus  produces  either 
reflex-movements,  or  reflex-feelings,  according  as  the 
stimulus  to  the  centre  is  reflected  on  muscles,  or  on 
other  centres. 

4°.  The  property  of  nerve-centres  depends  on  their 
structure.  The  functions,  oi:  uses,  of  each  centre  are 
determined  by  its  anatomical  connections ;  the  optic- 
centre  being  in  connection  with  a  very  different  ap- 
paratus from  that  of  the  auditory-centre,  and  so  of 
the  rest. 

5°.  Every  stimulus  which  affects  a  centre  awakens 
its  Sensibility  ;  but  the  hind  and  degree  of  sensation 
thus  awakened  are  necessarily  determined  by  the  kind 
and  degree  of  the  exciting  cause,  and  the  structure  of 
the  organs  on  which  that  cause  first  acts :  the  sensa- 
tion of  sound  is  very  different  from  the  sensation 
of  light ;  a  visceral  sensation  is  unlike  a  muscidar 
sensation  ;  pressure  is  different  from  pain,  and  both 
are  difierent' from  the  sensation  of  temperatm'e.* 

*  The  reader  is  requested  to  consider  -what  is  said  at  page  70.  The 
word  Sensibility  includes  very  various  sensations,  as  the  word  Animal 
includes  very  various  organisms.  When  I  say  that  every  nen'e-centre 
has  Sensibility,  I  no  more  mean  that  every  sensation  wiU  resemble  the 
sensations  of  pain,  or  of  sight,  or  of  taste,  than  that  every  animal  must 
resemble  a  fish,  a  reptile,  or  a  mammal. 
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Althoiigli  in  the  establishment  of  these  propositions 
I  have  attempted  something  like  a  systematisation  of 
our  knowledge  on  this  great  subject,  led  thereto  by  the 
necessity  of  clearing  the  groimd  of  certain  prejudices 
and  misconceptions,  and  by  the  desire  of  drawing  the 
student's  attention  to  problems  which  may  profitably 
employ  his  energy  ;  the  reader  will  not  expect  that  in 
the  following  pages  we  can  do  more  than  ascertain  the 
general  relations  of  the  Mind  and  the  Brain.  Before 
we  enter  on  this  interesting,  but  extremely  compli- 
cated, inquiry,  we  must  resolve,  in  a  loving,  seeking, 
earnest  spirit,  to  keep  our  minds  open  to  the  reception 
of  Fact ;  and  calmly  to  acquiesce  in  it,  when  presented, 
instead  of  opposing  it  by  preconceptions  of  our  own. 
It  is  idle  to  interrogate  Nature  in  the  spii'it  so  often 
animating  the  disputes  of  men,  when  each  antagonist 
is  less  desirous  of  hearing  the  Arguments  of  the  other, 
than  of  thrusting  forward  his  own.    If  we  ask  Nature 
a  question,  we  must  listen  patiently  to  her  reply; 
should  that  reply  perplex  us,  we  must  ask  again,  put- 
ting the  question  in  another  form ;  and  should  again, 
and  again,  the  same  reply  be  elicited,  we  must  accept 
it,  be  it  never  so  destructive  of  our  theories  and  anti- 
cipations.    We  must  not  dictate  an  answer  to  the 
Oracle  we  consult. 

A  deeply-rooted  preconception  respecting  the  Brain 
has  for  many  years  prevented  men  from  duly  acknow- 
ledoing  facts  which,  otherwise,  would  have  been  clear 
enough.     Biassed  thus,  they  have  never  thought  of  . 
admitting;  the  evidence  of  these  facts  to  be  destructive 
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of  their  conception  of  the  Brain  ;  but  have  had  re- 
course to  various  theories,  sometimes  ingenious,  often 
absurd,  to  explain  how  these  facts  were  really  not 

^what  they  seemed  to  be.  The  conception  alluded  to 
is  thus  expressed  (I  take  the  first  book  of  authority  at 

-hand)  by  Todd  and  Bowman  :    "The  brain,  or  some' 
part  of  it,  is  the  sensorium  commune ;  or,  in  other 
words,  mental  nervous  actions  (acts  of  volition  and 
sensation)  cannot  take  place  without  a  hrain."* 

This  is  the  doctrine  of  the  schools.  Now  it  should 
be  observed  that  all  physiologists  are  aware  of  the  fact 
that  animals  without  a  brain  (and  animals  which  never 
had  a  brain)  manifest  some  of  the  same  actions  which 
are  attributed  to  sensation  and  volition,  when  the 
brain  is  present;  yet  these  actions  are  said  not  to 
have  that  character  when  the  brain  is  absent,  "  because 
the  brain  is  the  exclusive  organ  of  sensation  and  voli- 
tion." I  confess  that  the  simpler  dictate  of  logic  is  to 
me  the  easier  conception  ;  and  that  I  can  more  readily 
admit  the  facts  to  prove  the  brain  not  to  be  the  exclu- 
sive seat  of  sensation  and  volition,  than  admit  that 
actions,  precisely  similar,  are  in  one  case  sensitive,  in 
the  other  mechanical;  and  this  inclination  gains 
strength,  when  close  examination  reveals  that  the 
reason  why  the  actions  of  brainless  animals  are  said  to 
be  mechanical  (reflex,  and  without  sensation),  is  solely 

'  because  theory  declares  the  Brain  to  be  the  only  sen- 
sorium.   If  you  pinch  a  dog's  tail,  he  cries  out.  His 
cry  is  supposed  to  indicate  a  sensation  of  pain.  But 
•  Todd  and  Bowman  :  Physiol.  Anat.,  i.  322. 
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the  physiologist  who  would  reprove  you  for  having  hurt 
his  yelping  puppy,  would  quietly  assure  you  that  this 
puppy's  cries  were  no  evidence  of  pain  or  sensation 
after  its  brain  had  been  removed :  "  Merely  reflex,  my 
dear  sir !"  and  he  would  smile  at  your  supposition  that 
an  animal  without  a  brain  could  feel  any  sensation* 
Nay,  even  when  the  brainless  animal  performs  com- 
plicated actions  to  rid  itself  of  some  irritating  object, 
and  exhibits  a  choice  of  means  for  this  purpose,  men 
find  it  easier  to  consider  these  as  "  instinctive  " 
(whatever  that  may  be),  "  reflex,"  or  the  "  effect  of 
habit,"  than  simply  to  acknowledge  that  the  Brain  is 
not  the  sole  sensorium. 

Science  is  the  endeavour  to  make  the  order  of  our 
ideas  correspond  with  the  order  of  phenomena— to 
make  our  conceptions  of  things  accord  with  the  order 
of  the  things  themselves  ;  not  to  make  out  a  scheme 
for  Nature,  which  shall  correspond  with  our  ideas. 
Let  us  try,  therefore,  to  ascertain  what  is  the  order  of 
nervous  phenomena. 

There  are  three  great  sources  of  knowledge  on  this 

*  Indeed,  some  physiologists  have  incurred  ridicule  for  having  been 
misled  by  the  cries  and  struggles  of  a  brainless  animal  into  the  belief 
that  the  animal  manifested  sensibility.  See,  for  example,  Schbceder 
VAN  DBR  Kolk:  Bau  und  Functionen  der  Medidla  Spinalis,  p.  26, 
on  the  "  Error  shared  by  so  many  that  the  cries  of  an  animal  are  a 
proof  of  Sensibility."  The  argument  relied  on  by  writers  who  attri- 
bute such  manifestations  to  refle.\--action,  unaccompanied  by  sensation, 
rests  on  the  fact  that  patients  with  spinal  disease  ai-e  often  unconscious 
of  the  movements  in  theu-  limbs  produced  by  external  stimulus;  we 
shall  hereafter  see  that  this  fact  in  no  way  contradicts  our  views,  in 
no  way  warrants  the  reflex  theory. 
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subject,  all  of  which,  however,  are  very  imperfect : 
these  are  Experiment,  Pathology,  and  Anatomy,  espe- 
cially Comparative  Anatomy.    It  has  been  a  fertile 
theme  for  declaimers,  who  knew  nothing  of  the  subject 
they  were  declaiming  on,  to  brand  with  odium  or  ridi- 
cule the  attempt  of  anatomists  to  discover  anything 
respecting  mental  actions.    "  What !  with  your  scalpel, 
fit  only  to  deal  with  Death,  do  you  hope  to  penetrate 
the  mysteries  of  Thought  ?    When  you  have  taken 
the  mechanism  to  pieces,  do  you  expect  the  watch  to 
reveal  its  action  ;  or  do  you  fancy  the  Soul  is  less 
mysterious  than  a  watch  ?  "    Feeble  nonsense  of  this 
kind  has  imposed  on  men,  because  they  have  been 
unacquainted  with  the  real  methods  of  science.  That 
we  shall  ever  penetrate  the  mystery  of  the  Soul,  is 
improbable  ;  equally  improbable  that  we  shall  ever 
penetrate  the  mystery  of  Life  ;  yet  it  is  certain  that 
the  methods  of  science  have  enabled  us  to  discover 
some  of  the  laws  of  Life,  and  to  assign  to  the  various 
organs  the  part  each  plays ;  and  this  in  spite  of  the 
fact  that  "the  scalpel  is  fit  only  to  deal  with  death." 
I  would  ask  these  declaimers  whether  they  think  that 
the  action  of  the  watch  will  be  better  understood  by 
taking  the  mechanism  to  pieces,  and  studjdng  each 
part,  and  its  relations  to  the  rest;  or  by  assuming 
certain  speculative  postulates  respecting  it,  and  making 
a  system  out  of  deductions  from  those  postulates? 
The  Anatomist  attempts  to  discover  the  mechanism ; 
the  physiologist  attempts  to  detect  the  influence  which 
each  part  exercises.    Were  our  knowledge  of  the 
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structure  and  properties  complete,  we  should  soon 
know  all  tliat  could  be  known  respecting  tlie  vital 
mechanism. 

Unhappily  our  knowledge  is  very  far  from  complete ; 
and  hence  it  is  that  Experiment,  though  valuable,  nay, 
indispensable,  is  often  very  misleading.  We  shall  see 
evidence  of  this  in  the  course  of  our  inquiry.  But 
there  is  one  direction  in  which  Experiment  may  always 
be  relied  on— the  direction  of  exclusion.  An  experiment 
may  fail  to  tell  us  which  is  the  organ  of  a  particular 
function  ;  but  it  wUl  never  fail  to  tell  us  which  is  not 
the  organ  of  the  particular  function,  if  we  see  the  fimc- 
tion  persisting  after  the  organ  has  been  removed  ;  and 
to  know  what  parts  are  not  necessary,  is  to  arrive,  by 
exclusion,  at  those  which  are. 

Observation  of  the  effects  of  disease,  accident,  or  de- 
formity has  a  similar  value  to  that  of  Experiment ;  but 
extreme  caution  is  necessary  in  interpreting  these  cases. 
Anatomy  is,  of  course,  indispensable  ;  and  comparative 
anatomy  becomes  a  sort  of  final  standard,  because  it 
displays  the  nervous  mechanism  in  all  degrees  of  com- 
plexity, from  the  simplest  to  the  highest,  and  thus 
reveals  what  parts  are  essential.  Here  also  great 
ca,ution  is  requisite,  since  we  never  can  be  quite  cer- 
tain in  our  interpretation  of  the  actions  of  animals. 

The  Beain,  or  Encephalon,  includes  several  masses 
of  grey  and  white  matter.  Anatomists  are  not  agreed 
as  to  the  exact  limits  of  the  brain,  some  including 
portions  which  others  exclude  ;  but  all  limitations  are 
arbitrary,  since  the  cerebro-spinal  axis  is  really,  a  con- 
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tinuous  whole — a  series  of  ganglia  connected  together 
by  nerve-fibres.  The  easiest  way  of  arriving  at  an 
intelligible  conception  of  this  whole,  is  to  begin  by 
considering  the  somewhat  similar  axis  in  the  insect, 
Fig.  45. 

These  numerous  ganglia  are  separate ;  imagine  them 
closely  fused  together,  and  enclosed  by  columns  of 
fibres,  and  you  have  the  Spinal  Chord  and  Medulla 
Fig.  45.         Oblongata ;  then  imagine  other  ganglia, 
and,  superposed  on  these,  the  large 
ganglionic  masses  of  Cerebellum  and 
Cerebrum.    The  two  latter  are  repre- 
sented in  Fig.  46.'  This  is  their  ex- 
ternal appearance,  in  profile.  The  con- 
mlutions  of  grey  vesicular  matter  are 

Fig.  46. 


rrERvous  System 
OP  Centipede. 
(.Vfter  Dolton.) 


The  Human  Brain  in  Profile 

1,  Cerebnini ;  2,  Cerebellum ;  3,  Medulla 
Oblongata. 


outside  the  white  fibrous  matter,  instead  of  inside, 
as  in  the  Medulla  Oblongata  and  Spinal  Chord.  Fig. 
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47  gives  the  aspect  of  the  brain  when  divided  longi- 
tudinally. 

Fig.  47. 


Half  of  the  Human  Brain  in  Profile. 

1,  Convolutions  of  Cerebram  ;  2,  the  Corpus  Callosum,  or  White  Band, 
which  unites  the  two  Hemispheres  ;  3,  Arbor  vitae,  or  tree-lilve  disposi- 
tion of  grey  and  white  matter  in  Cerebellum  ;  4,  Pons  Varolii  and  Medulla 
Oblongata. 

In  the  diagram  on  the  follovring  page  we  find  the 
general  arrangement  and  connection  of  the  parts  lu- 
cidly presented,  the  black  masses  representing  the 
grey  vesicular  matter,  and  the  white  representing  the 
white  fibrous  matter. 

The  Cerebrum,  with  which  we  must  first  occupy 
ourselves,  is  composed  of  two  halves,  called  cerebral 
hemispheres,  united  at  their  base  by  the  corpus 
callosum  (Fig.  47,  2),  It  is  in  these  hemispheres, 
or,  more  strictly  speaking,  in  the  grey  matter  of 
the  convolutions,  that  most  physiologists  have  agreed 
to  place  the  seat  of  Thought,  Emotion,  Volition, 
Sensation — in  one  word,  Consciousness — to  the  exclu- 
sion of  every  other  ganglionic  mass.    Here,  and  no- 
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Fig.  48. 


where  else,  they  aver,  impressions  become  sensations. 
Some  physiologists,  indeed,  are  less  exclusive,  and  ex- 
tend to  the  ganglia  at  the  base  of  the  Cerebrum— i.  e., 
to  the  corpora  striata,  optic  thalami,  and  corpora 
quadrigemina  (Fig.  48  —  3,  4,  and  5),  and  to  the 
Medulla  Oblongata  the  privilege  of  sensation.  The 

reader  knows  that 
neither  of  these  opin- 
ions can  be  adopted 
in  our  pages  :  we 
hold  that  if  the  Ce- 
rebrum is  the  organ 
of  what  is  usually 
named  Thought,  it 
is  not  the  sole  seat 
of  Sensation,  or  Vo- 
lition. 

Comparative  An- 

Olfactorv  tianguon ;       tue  i^crcuiai. 

iphere;3,  Corpus  Striatum ;  4,  Optic  Thala-   ^  fj^ggly  m- 

nus :  5,  Tubercula  quadrigemina ;  C,  Cerebel-  "J 
lum;  7,  Ganglion  of  tlie  Pons  Varolii;  8  01^^^^^^^  J^g^  |t  CaU 

body,  or  GangUon  in  the  Medulla  Oblongata.  VUJi-cu. 
ThelinesBhowUieMonofthefibres.  ^^^^^^ 

ment  in  favour  of  the  Brain,  or  the  Cerebrum,  being  the 
sole  seat  of  Intelligence  ;  but  it  is  quietly  disregarded 
when  it  flatly  contradicts  the  idea  of  the  Brain  bemg 
the  exclusive  seat  of  Consciousness,  or  Sensation.  We 
cannot  allow  two  weights  and  two  measm-es.  If  the 
evidence  furnished  by  animals  is  good  in  one  case,  it 
is  good  in  another.    Now,  what  says  evidence  ? 

A  survey  of  the  vertebrate  classes  discloses  a  re- 
markable con-espondence  between  the  size  and  develop- 


Diagram  of  Vertical  Section  of  the  Brain. 
1,  Olfactory  Ganglion;  2,  the  Cerebral  Henii 
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ment  of  the  Cerebrum,  and  tlie  energy  and  variety  of 
mental  manifestations.  As  we  pass  from  fishes  and 
reptiles  to  bii'ds,  and  from  birds  to  mammals,  and  in 
mammals  from  the  less  intelligent  to  the  more  intelli- 
gent, we  notice  a  decided  increase  in  cerebral  develop- 
ment. It  is  a  legitimate  inference  that  the  one  is  in 
some  correspondence  with  the  other,  and  that  Intelli- 
gence is  one  of  the  functions  of  the  Cerebrum. 

Let  this  be  admitted  without  reservation,  although 
the  well-informed  anatomist  may  have  many  difficul- 
ties to  propound.    I  now  ask,  what  we  are  to  make 
of  the  fact,  that  multitudes  of  animals  have  no  cere- 
brum at  aU ;  and  that  even  among  fishes  there  is 
at  least  one  known  to  be  without  a  vestige  of  it  (and 
zoologists  may  yet  discover  many  more) ;  so  that,  un- 
less we  pronounce  the  Amphioxus,  and  all  the  inver- 
tebrata,  to  be  mere  machines,  without  sensation,  or 
consciousness,  of  any  kind,  we  are  forced  to  admit 
consciousness  in  the  absence  of  the  very  organ  which 
is  said  to  be  its  exclusive  seat.   There  are  two  answers 
open.    First,  it  may  be  said,  as  it  commonly  is,  that 
these  animals  have  no  Intelligence,  only  Instinct.  This 
may  be  true ;  but  to  make  it  of  the  slightest  use,  we 
must  be  taught  what  Instinct  is  ;  and  that  teaching  is 
yet  to  seek.   Instinct,  like  Chance,  is  one  of  the  words 
under  which  men  conceal  their  ignorance  from  them- 
selves.   That  the  actions  of  a  Bee,  or  a  Crab,  which 
manifest  sensation,  memory,  invention  of  new  methods 
under  new  cii'cumstances,  not  to  mention  anger,  desire, 
and  some  unexplained  mode  of  communicating  with 
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each  other — that  these  are  the  actions  of  "  blind  in- 
stinct," might  not  be  inconceivable,  if  we  knew  what 
instinct  really  was ;  but  we  shall  find  it  difficult  to 
conceive  how  precisely  similar  phenomena  are  attri- 
buted to  intelligence,  when  displayed  by  the  Dog  or 
the  Monkey.    It  is  probable  that  the  Bee  and  Crab 
have  no  power  of  forming  abstract  propositions.  It 
is  probable  that  they  are  unable  to  carry  on  trains  of 
thought,  7-emote  from  the  sensations  which  are  imme- 
diately affecting  them.    And  if  we  limit  the  term  in- 
telligence to  those  processes  by  which  one  idea  calls 
up  another,  without  the  intervention  of  an  external 
stimulus — to  trains  of  ideas,  in  lieu  of  single  ideas 
excited  by  Reflex-Feeling— there  may  be  little  objection 
to  saying  that  Bees  have  not  intelligence. 

As  our  desire  must  be  to  come  to  a  distinct  under- 
standing on  this  important  point,  and  not  to  quarrel 
over  phrases,  let  us,  for  a  moment,  grant  that  no  in- 
vertebrate animal  has  intelligence,  in  any  sense  in 
which  it  may  have  pleased  men  to  employ  the  term. 
Let  Instinct  explain  everything,  without  itself  needing 
explanation.    It  will  not  remove  an  iota  of  the  objec- 
tion against  the  assumption  that  the  Cerebrum  is  the 
exclusive  seat  of  sensation  and  volition.    The  Bee  may 
have  no  vestige  of  intelligence,  but  you  cannot  deny 
that  it  has  sensibility  and  vohtion.    The  brainless 
Amphioxus  may  be  a  very  stupid  fish,  indeed ;  but  you 
will  hardly  assert  that  he  wants  the  consciousness,  the 
sensibility,  of  other  fishes.    If  you  grant  me  this,  dis- 
pute is  at  an  end.    You  merely  say  that  the  Cerebrum 
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has  certain  special  functions,  among  which  Intelli- 
o-ence  is  one ;  you  do  not  thereby  exclude  from  other 
ganglia  other  forms  of  Sensibility. 

So  much  for  the  first  of  the  two  answers  which 
might  be  made  to  our  original  difficulty.  The  second 
answer  will  run  thus  :  "  It  is  true  that  the  Bee  mani- 
fests a  certain  degree  of  consciousness,  perhaps  even  of 
intelligence  ;  but  it  does  so  because  the  ganglia  en- 
circling the  oesophagus,  although  not  the  same  as  the 
brain,  represent  the  brain  in  the  insect.  The  two 
organs  are  analogous,  not  homologous;  just  as  the 
wings  of  the  bee  are  analogous  to  the  wings  of  the 
bird,  but  are  not  the  same  organs." 

It  will  scarcely  be  denied  that  I  have  placed  the 
strono-est  argument  which  the  case  admits  into  the 
mouth  of  my  antagonist.    To  answer  it  we  have  only 
to  consider  steadily  the  relation  which  function  bears 
to  property  and  structure.    Function,  as  we  formerly 
saw  (vol.  ii.  p.  21),  is  the  use  to  which  certain  organs 
are  applied,  in  virtue  of  the  properties  inherent  in  the 
structure  of  those  organs.    The  wings  of  the  bee  and 
the  bird  are  organs  moved  by  muscles,  under  the  sti- 
mulus of  nerves,  so  as  to  beat  with  a  light,  expanded 
surface  on  the  air,  and  thus  make  a  lever  to  raise  and 
sustain  the  body.    There  are  several  fundamental  re- 
semblances in  the  two  wings  ;  and  as  these  imply 
sunilarity  in  properties,  there  need  only  be  similarity 
in  the  anatomical  distribution,  to  produce  a  similarity 
in  the  uses  of  the  wings.    The  point  to  which  I  wish 
attention  directed  is  that  analogy  of  structure  and 
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connection  which  determines  the  analogy  of  function. 
Without  the  moving  muscles,  the  wing  would  be  no 
organ  of  flight ;  without  the  Contractility  of  the 
muscle-fibre,  the  muscles  could  not  move;  without 
the  stimulus  and  co-ordination  of  the  nervous  system, 
the  muscle-fibres  could  not  contract  harmoniously,  so 
as  to  produce  this  flying  movement.  It  is  because  the 
two  wings  resemble  each  other  in  such  particulars, 
that,  in  spite  of  their  many  diff'erences,  the  wing  of  the 
bee  and  the  wing  of  the  bird  are  both  organs  of  flight. 

In  the  same  way  the  brain  of  a  bee  is  analogous  to 
the  brain  of  a  bird ;  there  are  many  and  important 
difierences,  but  there  are  fundamental  resemblances  of 
structure  and  connection,  of  property  and  function. 
It  is  because  they  are  both  formed  of  ganglionic  sub- 
stance that  they  have  both  the  property  of  Sensibility. 
It  is  because  they  are  both  connected  with  the  organs 
of  special  Sense,  and  are  the  chief  centres  with  which 
directly,  or  indirectly,  all  the  nerves  are  connected, 
that  they  both  have  the  supreme  function  of  what 
has  been  aptly  termed  Cerebration. 

This  is  the  teaching  of  Comparative  Anatomy,  and 
its  lesson  is  valuable.  If  it  shows  us  how  the  cephalic 
ganglia  of  an  insect  may  represent  the  Brain  of  a  ver- 
tebrate animal,  and  thus  seem  to  justify  the  doctrine 
of  the  brain  being  the  exclusive  seat  of  consciousness  ; 
it  also,  and  by  the  same  evidence,  shows  that  Sensi- 
bility must  belong  to  all  gangha,  as  ganglia,  and  not  to 
any  special  group.  It  shows  that  the  Brain  of  a  verte- 
brate animal  does  not  derive  its  functions  from  any 
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arrani^ement  of  its  tissues,  nor  from  the  possession  of 
cerebral  hemispheres,  nor  from  any  other  morphological 
character :  since  these  functions  ai-e  performed  (the  chiefs 
of  them  at  least)  by  ganglia  having  no  other  resemblance 
to  the  Brain  than  fundamental  similarity  of  tissue,  and 
similarity  of  organic  connection.  The  Brain  derives  its 
Sensibility  from  its  ganglionic  structure,  in  which  it 
resembles  all  other  ganglia.  It  derives  its  functions 
from  the  various  organs  to  which  this  Sensibility  is 
made  subservient  by  anatomical  connection. 

This  point  may  be  illustrated  in  a  comparison  of 
the  organisation  of  a  mollusc  and  an  insect.  Fig.  49 
shows  the  nervous  system  of  a  Sea-Hare  (Aplysia)  in 
its  organic  relations.  The  gan- 
glia of  this  mollusc  are  large 
enough  to  serve  many  functions, 
if  they  were  connected  with  vari- 
ous organs.  But  the  body  of 
the  Sea-Hare  is  not  divided  into 
segments,  each  segment  having 
different  organs  :  it  is  one  large 
contractile  mass,  having  no  legs 
to  walk  with,  no  wings  to  fly 
with,  no  claws  to  grasp  with ; 
it  crawls  slowly  along  by  means 
of  its  large  fleshy  under-surface, 
called  "  the  foot."  Having  so  (^iter  naiton.) 
few  means  of  acting  on  the  external  world,  there  can 
be  little  combination  of  actions,  little  of  the  multifari- 
ous instinct  shown  by  the  garden- beetle,  (Fig.  .50.) 


Nervous  System  of  Aplysia. 
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Here  we  see  an  organism  made  up  of  a  number  of 
different  organs,  each  organ  having  different  uses  ;  con- 
Fig.  50.  sequently  its  nervous  system  has 
more  various  functions.  Could  we 
measure  the  nerve-force  devel- 
oped by  the  shapeless  Sea-Hare, 
and  the  tiny  but  complex  Beetle, 
we  should  doubtless  find  that  in 
amount  the  superiority  of  the  for- 
mer was  manifest,  although  its 
functional  character  was  lower. 
I  conceive,  therefore,  that  Com- 
nervous  System  of  Garden  parativc  Auatomy  irresistibly  dis- 

Beetle. 

(After  Milne-Edwards.)     provcs  the  uotiou  of  the  Brain, 
or  any  other  ganglionic  mass,  being  the  sole  and  exclu- 
sive seat  of  Sensibility  or  Consciousness  ;  and  we  shall 
hereafter  see  still  stronger  evidence  in  the  observations 
of  experimentalists  and  pathologists.    No  one  will  mis- 
understand these  remarks  to  mean  that  the  Brain  is 
not  one  great  centre  of  Sensation  and  Volition— the 
cliief  and  dominant  organ  of  the  whole  psychical  me- 
chanism.   I  have  said  before  that  it  has  the  noblest 
functions ;  but  it  does  not  exclude  the  other  ganglia 
from  their  share  in  the  general  Consciousness.  In 
it  all  the  sensations  derived  through  the  Senses  and 
Viscera  are  summed  up,  combined,  modified,  and  in 
some  profoundly  mysterious  manner  elaborated  into 
ideas.    It  is  generalissimo  of  the  whole  army,  con- 
trolling, directing,  and  inspiring  the  actions  of  all 
subordinate  officers.   But  to  suppose  that  these  sub- 
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ordinates  have  not  also  their  independent  functions, 
is  a  mistake.  The  generals,  colonels,  captains,  ser- 
geants, corporals,  and  common  soldiers,  are  individual 
men,  like  their  commander-in-chief,  with  inferior 
power,  and  with  different  functions,  according  to  their 
'  respective  positions.  But  if  the  commander-in-chief 
be  killed,  the  army  has  still  its  generals.  If  the  gen- 
erals be  killed,  the  regiments  have  still  their  colonels. 
Nay,  even  a  corporal's  company  may  be  kept  together 
by  an  energetic  corporal.  And  this  we  shall  see  to  be 
the  case  with  animals  when  their  brain  has  been  re- 
moved ;  each  separate  part  of  the  organism  has  its 
general,  colonel,  or  corporal. 

The  Brain,  as  generalissimo,  needs  an  enormous 
supply  of  blood.  Haller  estimates  the  quantity  at  one- 
fifth  of  the  amount  sent  to  the  whole  body.  In  mere 
mass,  also,  the  brain  .predominates  ;  but  this  is  only 
true  in  the  higher  animals  :  in  frogs,  reptiles,  and  fish, 
it  is  less  than  the  Spinal  Chord. 

In  man  the  average  weight  of  the  whole  brain  is 
fifty  ounces.  In  woman  the  average  is  five  ounces 
less.  Taking  50  oz.  3  J  drachms  as  the  weight  of  the 
whole  encephalon,  the  following  are  the  respective 
weights  of  the  three  principal  masses  : — 

oz.  drs. 

Cerebrum,       .        .       .        43  15f 
Ceiebellum,     ...  54 
Pons,  and  Med.  Oblong.,  .         0  15f 

50  31* 

*  QuAix's  Anatomy.    By  Sharpey  and  Ellis,  6tli  edit.,  ii.  434. 
VOL.  n.  ^  G 
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In  the  Cerebrum  and  Cerebellum,  or  big  and  little 
brain  (Fig.  46—1,  2),  tbe  grey  cellular  matter  is  out- 
side, and  the  white  fibrous  matter  is  inside.    The  out- 
side presents  a  series  of  irregular  folds  or  convolu-  , 
tions;  and  it  is  in  the  convolutions  of  the  Cerebrum 
that  physiologists  have  imagined  all  Sensibility  and  ' 
Thought  exclusively  reside.    The  degree  of  intelligence 
possessed  by  a  man,  or  animal,  has  been  confidently 
attributed  to  the  number  and  depth  of  these  con- 
volutions—i.e.  to  the  amount  of  grey  matter.  This 
idea  has  become  so  popular  that  I  shall  probably 
excite  surprise  when  I  suggest  that  it  is  altogether 
without  a  scientific  basis.    In  the  fii'st  place,  intel- 
lectual action,  which  is  surely  a  function,  is  made  on 
this  hypothesis  a  property  of  the  grey  matter,  irre- 
spective of  any  anatomical  connection  ;  and  this  is  very 
unscientific.   In  the  second  place,  although  the  amount 
of  grey  matter  may,  other  things  being  equal,  deter- 
mine the  amount  of  force  developed,  yet,  as  we  saw  in 
the  comparison  of  the  Sea-Harewith  the  Beetle,  it  will 
not  determine  functional  superiority.    In  the  third 
place,  accurate  measurements  show  that  there  is  no 
solid  ground  for  the  opinion  to  rest  on.   M.  BaiUarger 
instituted  an  elaborate  series  of  measurements,  from 
which  it  appeared  that  the  increase  of  the  grey  matter 
was  not  accompanied  by  an  increase  of  intelligence ; 
whereas  increase  of  the  white  matter  was  accompanied 
by  increase  of  intelligence.*    Further,  M.  Camille 
Dareste  has  shown  that  the  number  and  depth  of  the 
*  Baillakgeu  :  Oazette  Mklicale,  IQth  April  1845 
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convolutions  bear  no  constant  relation  to  the  amount 
uf  intellio-ence  in  animals.*   Once  imagine  that  intelli- 
gence has  its  seat  in  the  grey  matter  of  the  convolu- 
tions, and  these  facts  become  inexplicable.    But  con- 
ceive intellectual  action  as  functional,  and  the  diflfi- 
culty  vanishes.     No  development  of  the  pectoral 
muscles  will  enable  an  ostrich  to  fly,  because  the 
ostrich  has  not  wings  adapted  for  flight.    In  like 
manner  no  development  of  the  grey  convolutions  will 
enable  an  animal  to  manifest  intellectual  actions,  un- 
less these  convolutions  are  in  direct  connection  with 
the  other  necessary  parts  of  the  mechanism.    We  can 
understand  how  particular  aptitudes— say  for  drawing 
or  music — may  exist  in  men  of  small  brains  ;  or  be 
entirely  deficient  in  men  of  large  brains.    The  requisite 
adjustment  of  the  nervous  mechanism  is  present  in  the 
one  case,  and  absent  in  the  other.    Now  what  is  true 
of  particular  forms  of  intellectual  action,  must  be  true 
of  all.    I  conclude,  therefore,  that  a  larger  amount  of 
grey  matter  will  produce  a  larger  amount  of  Sensibility ; 
but  the  uses  which  this  Sensibility  will  subserve  in  the 
animal  economy,  will  depend  on  the  anatomical  connec- 
tions— on  the  complexity  of  the  nervous  mechanism. 

11.  Functions  of  the  Ceeebeum. — These  prelimi- 
naries may  help  us  to  some  understanding  of  the  cere- 
bral functions,  by  directing  attention  to  its  organic 
connections,  native  or  acquired.    Unhappily,  as  every 

•  Daheste:  Annales  des' Sciences,  3°  serie,  xvii.  30,  and  4°  sli-ie, 
i.  73.    Compare  also  Leuket,  i.  577  et  seq. 
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one  knows,  Anatomy  will  not  of  itself  disclose  func- 
tion ;  but  it  will  help  us  to  explain  function,  when 
discovered.     The  mere  inspection  of  a  knife  would 
neven  disclose  to  a  child  the  various  uses  of  the  knife  ; 
but  having  seen  the  knife  in  use,  he  would  learn  that 
it  was  the  blade,  and  not  the  handle,  which  had  the 
property  of  cutting;  and  after  a  little  experience,  he 
would  ascertain  that  this  property  of  cutting  depended 
on  the  fineness  of  the  edge.    From  this  he  would 
rapidly  generalise,  and  conclude  that  all  hard  sub- 
stances having  a  fine  edge  might  be  employed  to  cut 
with  ;  and  that  steel,  by  reason  of  its  hardness,  was 
pre-eminently  suited  to  that  purpose.    It  is  the  same 
with  anatomy.    When  observation  has  shown  us  the 
use  of  an  organ,  we  can  explain  the  action  of  its  sepa- 
rate parts. 

Observation  has,  in  various  ways,  remarked  that  the 
cerebral  hemispheres  are  pre-eminently,  if  not  exclu- 
sively, devoted  to  the  intellectual  actions.  Whenever 
we  hear  of  an  idiot,  we  conclude  that  his  cerebrum  is 
very  small,  or  malformed ;  whenever  we  see  a  man 
with  an  unusually  small  cerebrum,  we  conclude  him  to 
be  an  idiot. 

There  can  be  no  doubt  of  the  all-important  partici- 
pation of  the  Cerebrum  in  mental  manifestation,  when 
we  learn  that,  if  accident  have  produced  a  hole  in  the 
skuU,  we  can,  by  a  slight  pressure  on  the  Cerebrum, 
throw  the  patient  into  a  state  of  stupor,  seeing  nothing, 
hearing  nothing,  thinking  nothing.  Pressure  on  the 
Cerebellum  produces  no  such  results. 


A  STRIKING  CASE. 
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Sir  Astley  Cooper  relates  in  his  Lectures  on  Surgery 
the  following  remarkable  case  :  A  sailor  fell  from  the 
yardarm  on  the  deck,  and  was  taken  up  insensible. 
For  some  months  he  remained  in  the  hospital  at  Gib- 
raltar perfectly  insensible,  yet  otherwise  healthy.  He 
was  then  conveyed  to  Deptford,  where  Mr  Davy  visited 
him,  having  been  informed  by  the  surgeon  of  the  curi- 
ous case.    "  It  is  a  man  who  has  been  insensible  for 
many  months  :  he  Hes  on  his  back  with  very  few  signs 
of  life  ;  he  breathes  indeed,  has  a  pulse,  and  some 
motion  in  his  fingers ;  but  in  all  other  respects  he  is 
deprived  of  all  powers  of  mind,  vohtion,  or  sensation." 
Mr  Davy,  on  examining  the  patient,  found  a  slight 
depression  on  one  part  of  the  head.    Being  informed 
of  the  accident  which  had  occasioned  it,  he  had 
the  man  removed  to  St  Thomas's  Hospital  under  the 
care  of  Mr  Cline.    It  was  here  Sir  Astley  Cooper  saw 
him  "  lying  on  his  back,  breathing  without  any  great 
difficulty,  his  pulse  regular,  his  arms  extended,  and  his 
fingers  moving  to  and  fro  to  the  motion  of  his  heart, 
so  that  you  could  count  his  pulse  by  the  motion  of  his 
fingers.    If  he  wanted  food,  he  had  the  power  of 
moving  his  lips  and  tongue;  and  this  action  of  his 
mouth  was  the  signal  to  his  attendants  for  supplying 
this  want." 

I  interrupt  the  narrative  at  this  point  to  request 
the  reader's  attention  to  the  passage  in  italics,  which 
has  apparently  escaped  the  notice  of  the  numerous 
writers  who  have  referred  to  this  case.  The  man's 
"  consciou,sness"  is  said  to  have  been  obliterated  ;  he 


102 


THE  MIND  AND  THE  BRAIN. 


had,  we  are  told,  lost  all  sensation  and  all  volition ;  yet 
we  see  that  the  sensation  of  Hunger  was  not  gone, 
nor  the  volition  which  indicated  by  signs  that  food  was 
wanted.  The  current  doctrine  is  incompetent  to  ex- 
plain such  facts  ;  but  according  to  the  doctrine  pro- 
pounded in  these  pages,  the  facts  are  such  as  a  priori 
might  have  been  announced. 

"  Mr  Cline,"  continues  Sir  Astley,  "  on  examining 
his  head,  found  an  obvious  depression  ;  and  thirteen 
months  and  a  few  days  after  the  accident,  he  was 
carried  into  the  operating  theatre  and  there  trephined. 
The  depressed  portion  of  the  bone  was  elevated  from 
the  skull.     WhUe  he  was  lying  on  the  table  the 
motion  of  his  fingers  went  on  during  the  operation,  but 
no  sooner  was  the  portion  of  bone  raised  than  it 
ceased.  The  operation  was  performed  at  one  o'clock  in 
the  afternoon  ;  and  at  four  o'clock,  as  I  was  walking 
through  the  wards,  I  went  up  to  the  man's  bedside, 
and  was  surprised  to  see  him  sitting  up  in  bed.  He 
had  raised  himself  on  his  pUlow.    I  asked  him  if  he 
felt  any  pain,  and  he  immediately  put  his  hand  to  his 
head.    This  showed  that  volition  and  sensation  were 
returning.    In  four  days  from  that  time  the  man  was 
able  to  get  out  of  bed,  and  began  to  converse  ;  and  in 
a  few  days  more  he  was  able  to  tell  us  where  he  came 
from.    He  recollected  the  circumstance  of  his  having 
been  pressed  and  carried  down  to  Plymouth  or  Fal- 
mouth ;  but  from  that  moment  up  to  the  time  the 
operation  was  performed,  his  mind  had  remained  in  a 
perfect  state  of  oblivion.    He  had  drunk,  as  it  were,  of 
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the  cup  of  Lethe  ;  he  had  suffered  a  complete  death  as 
far  as  regarded  his  bodily  and  mental  powers  ;  but  by 
removing  a  small  portion  of  bone  with  the  saw,  he  was 
at  once  restored  to  all  the  functions  of  his  mind,  and 
almost  all  the  powers  of  his  body." 

This  is  in  many  respects  an  interesting  case.  The 
psychologist  should  note  that  the  man's  memory  was 
incompetent  to  recall  not  only  everything  that  had 
passed  from  the  moment  of  the  accident,  but  also  the 
w^hole  series  of  events  and  sensations  which  occurred 
from  the  time  of  his  impressment  till  that  of  his  acci- 
dent, which  occurred  in  the  Mediterranean. 

It  would  be  easy  to  multiply  cases  which  point  in 
this  direction,  and  warrant  the  suspicion  that  the 
Cerebrum  is  the  seat  of  intellectual  action.    But  they 
only  warrant  a  suspicion,  they  do  not  establish  a  cer- 
titude.   Other  evidence  is  needed.    It  might  be  asked 
whether  other  parts  of  the  encephalon  may  not  have 
been  implicated  —  whether,  when  the  Cerebrum  is 
pressed  npon,  some  interference  with  the  masses 
underneath  has  not  been  induced— and  whether  the 
loss  of  mental  manifestation  may  not  result  from  this 
interference.    The  heart  is  assuredly  not  the  seat  of 
intelligence  ;  yet  if  we  check  the  action  of  the  heart, 
we  suspend  all  mental  manifestations.    What  proof 
have  we  that  the  Cerebrum  does  not  also  act  in  some 
such  indirect  manner  ?    Here  precise  Experiment  be- 
comes necessary.    Unhappily  precise  Experiment  is 
here  of  such  excessive  difficulty,  that  we  shall  find 
experimenters  often  arriving  at  different  results.  The 
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Cerebrum  is  not  a  mass  definitely  separated  from  the 
other  masses,  so  that  its  removal  can  be  effected  with- 
out interfering  with  other  parts.  The  very  complexity 
of  the  connections  established  between  it  and  other  cen- 
tres, renders  every  experiment  dubious,  except  in  that 
negative  direction  previously  pointed  out  (p.  87). 

The  researches  of  Flourens  made  an  epoch.*  They 
were  very  striking :  the  conclusions  he  drew  from 
them  were  announced  in  that  systematic,  definite,  and 
absolute  style,  which  is  characteristic  of  Brench  writers ; 
and  by  reason  of  their  being  easily  understood  and 
easily  remembered,  they  gained  European  acceptance, 
in  spite  of  the  reservations  of  Cuvier  and  Muller. 
They  are  really  very  captivating  works.    They  seem  to 
make  the  whole  matter  so  clear  and  simple,  that  criti- 
cism and  reservation  are  regarded  as  impertinent  dis- 
turbers of  a  comfortable  conviction.    But  the  serious 
student  learns  to  distrust  all  epigrams  in  science.  When- 
ever a  complex  question  is  answered  by  a  neat  formula, 
pretending  to  embrace  all  the  phenomena,  and  to  clear 
up  all  obscurities,  it  is  a  wise  caution  which  suspects 
there  is  something  wrong.    I  am  far  from  wishing  to 
detract  from  the  merit  of  Flourens.  He  made  an  epoch, 
and  deserves  honourable  recognition.    But  I  do  not 
think  his  conclusions  tenable  in  the  face  of  evidence ; 
his  facts  are  not  unfrequently  in  contradiction  with 
what  more  careful  experiment  and  observation  dis- 

*  Floubens  :  Recherches  exfh-imentales  sur  les  propriith  et  Icsfonc- 
tions  du  SysUme  Nerveux,  1824 ;  and  Experiences  sur  le  Sysame  Nervettx, 
1826, 
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close  ;  and  his  conclusions  are  occasionally  contradicted 
by  the  very  facts  he  himself  records,  although  theoretic 
preconceptions  blinded  him  to  their  significance. 

Kourens  declares  that  when  he  removed  the  whole 
of  the  Cerebrum  from  Pigeons  and  Fowls,  they  lost 
all  sensation,  all  perception,  all  instinct,  and  all  -voli- 
tion. They  lived  perfectly  well  for  months  after  the 
operation,  if  the  food  were  placed  in  their  mouths ;  but 
they  never  soihght  their  food  ;  they  never  took  it,  even 
when  their  beaks  were  plunged  into  it :  they  could 
swallow,  and  digest  the  grains ;  but  they  had  no  in- 
stinct to  make  them  seek,  no  volition  to  make  them 
pick  up  the  grains.  They  saw  nothing,  although  the 
iris  remained  irritable ;  they  heard  nothing ;  they 
could  not  smell.  A  state  of  stupor  came  on,  resem- 
bling that  of  deep  sleep.  All  voluntary  action  ceased. 
If  they  were  thrown  into  the  air,  they  flew ;  if  irritated, 
they  moved  away  ;  but  if  left  to  themselves,  they  re- 
mained motionless,  with  the  head  under  the  wing, 
as  in  sleep.  Now,  inasmuch  as  these  effects  always 
ensue  when  the  Cerebrum  is  removed,  and  never  when 
only  the  Cerebellum  is  removed,  he  concludes  that  all 
instincts,  volitions,  and  sensations  "  belong  exclusively 
to  the  cerebral  lobes." 

It  should  be  stated  that  aU  experimenters  agree  in 
one  cardinal  point,  namely,  that  removal  of  the  cerebral 
hemispheres  throws  the  animal  into  a  stupor  resembling 
that  of  deep  sleep,  Memory  being  almost,  if  not  totally, 
destroyed.  In  this  respect  we  may  compare  the  case 
previously  cited  from  Sir  Astley  Cooper  (p.  101). 
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But  all  experimenters  do  not  agree  in  other  points 
named  by  Flourens  ;  nor  in  the  conclusions  he  has 
drawn.  On  the  contrary,  it  is  very  certain,  and  we 
shall  find  evidence  even  in  Flourens  himself,  that  all 
instincts  and  all  sensations  are  not  destroyed  by  the 
removal  of  the  cerebral  lobes. 

Let  us  hear  Bouillaud  on  this  subject.*    He  re- 
peated the  experiment  of  Flourens,  removing  the  whole 
of  the  Cerebrum  from  the  Brain  of  a  fowl ;  and  he 
thus  records  his  observations  :   "  This  fowl  passes  the 
greater  part  of  her  time  asleep,  but  she  awakes  at  in- 
tervals, and  spontaneously.    When  she  goes  to  sleep, 
she  turns  her  head  on  one  side  and  buries  it  in  the 
feathers  of  the  wing  ;  when  she  awakes,  she  shakes 
herself,  flaps  her  wiags,  and  opens  her  eyes.    In  this 
respect  there  is  no  difference  observable  between  the 
mutilated  and  the  perfect  bird.    She  does  not  seem  to 
be  moved  at  all  by  the  noise  made  round  about  her, 
but  a  very  slight  irritation  of  the  skin  suflaces  to 
awaken  her  instantaneously.     When  the  ii-ritation 
ceases,  she  relapses  into  sleep.    When  awake,  she  is 
often  seen  to  cast  stupid  glances  here  and  there,  to 
change  her  place,  and  walk  spontaneously.    If  put 
into  a  cage,  she  tries  to  escape;  but  she  comes  and 
goes  without  any  purpose,  or  rational  design.  When 
either  foot,  wing,  or  head  is  pinched,  she  withdi-aws  it ; 
when  she  is  laid  hold  of,  she  struggles  to  escape,  and 
screams  ;  but  no  sooner  is  she  liberated  than  she  rests 

*  BouiLLAOTi:    Eecherchcf  Exphimentales  sur  les  Fonctians  dn 
Cerveau  en  gSniral,  1830,  p.  5  et  seq. 
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motionless.  If  severely  irritated,  she  screams  loudly  ; 
but  it  is  not  only  to  express  pain  that  she  uses  her 
voice,  for  it  is  by  no  means  rare  to  hear  her  cackle 
and  cluck  a  little  spontaneously  ;  that  is  to  say,  when 
no  external  irritation  affects  her.  Her  stupidity  is 
profound ;  she  knows  neither  objects  nor  places,  nor 
persons,  and  is  completely  divested  of  memory  in  this 
respect :  not  only  does  she  not  know  how  to  seek  or 
take  food,  she  does  not  even  know  how  to  swallow  it 
when  placed  in  her  beak— it  must  be  pushed  to  the 
throat.  Nevertheless  her  indocility,  her  movements, 
her  agitation,  attest  that  she  feels  the  presence  of  a 
strange  body.  Inasmuch  as  external  objects  excite  in 
her  no  idea,  no  desire,  she  pays  no  attention  to  them  ; 
but  she  is  not  absolutely  deprived  of  the  power  of  atten- 
tion, for  if  much  irritated  her  attention  is  awakened. 
She  knows  not  how  to  escape  an  enemy,  nor  how  to 
defend  herself.  AU  her  actions,  in  a  word,  are  blind, 
without  reflection,  without  knowledge." 

In  this  recital,  the  evidence  both  of  sensation  and 
instinct  is  incontestable,  to  any  unprejudiced  mind. 
BouiUaud,  in  commenting  on  his  observations,  remarks, 
that  assuredly  all  sensation  was  not  destroyed  since 
the  sensibilities  of  touch  and  pain  were  very  manifest. 
Nor  is  it  certain,  he  says,  that  the  fowl  heard  nothing, 
saw  nothing.  It  is  true  that  she  stumbled  against 
objects,  and  knew  not  how  to  avoid  them  ;  but  having 
lost  all  memory,  that  is  intelligible.  She  opened 
her  eyes  on  awaking,  looked  about,  and  showed  a 
sensibility  in  the  pupil  to  light ;  which,  he  thinks. 
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is  incompatible  with  the  absence  of  all  sensation  of 
sight. 

The  experiments  of  Longet*  seem  decisive  on  this 
latter  point.    Having  removed  the  whole  of  the  Cere- 
brum from  a  pigeon,  he  observed  that  whenever  he 
approached  a  light  brusquely  to  its  eyes,  there  was 
contraction  of  the  pupil,  and  even  winking  ;  but,  what 
was  still  more  remarkable,  "  when  I  gave  a  rotatory 
motion  to  the  candle,  and  at  such  a  distance  that  there 
could  be  no  sensation  of  heat,'  the  pigeon  made  a 
similar  movement  vnth  its  head.    These  observations, 
renewed  several  times  in  the  presence  of  persons  who 
were  at  my  lectures,  left  no  doubt  of  the  persistence 
of  sensibility  to  light  after  removal  of  the  cerebral 
lobes."    We  have  only  to  think  of  the  baby  following 
with  its  eyes  the  light  moved  before  it,  to  understand 
the  kind  of  impression  produced  by  the  candle  on  the 
pigeon.     Longet  also  declares  that  his  experiments 
prove  the  existence  of  sensations  of  sound,  after  re- 
moval of  the  whole  cerebrum. 

Dr  Dalton,  giving  the  results  of  numerous  experi- 
ments he  performed,  says  that  removal  of  the  Cere- 
brum plunges  the  animal  in  "  a  profound  stupor,  in 
which  he  is  almost  entirely  inattentive  to  surrounding 
objects.  .  .  .  Occasionally  the  bird  opens  its  eyes 
with  a  vacant  stare,  stretches  his  neck,  perhaps  shakes 
his  bUl  once  or  twice,  or  smooths  down  the  feathers 
upon  his  shoulders,  and  then  relapses  into  his  former 
apathetic  condition.    This  state  of  immobility,  how- 

*  Longet    Traiti  de  Physiologic,  ii.  240. 
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ever,  is  not  accompanied  by  the  loss  of  sight,  of  hear- 
ing, or  of  ordinary  sensibility.  All  these  functions 
remain,  as  well  as  that  of  vohmtary  motion.  If  a 
pistol  be  discharged  behind  the  back  of  the  animal,  he 
at  once  opens  his  eyes,  moves  his  head  half  round,  and 
gives  evident  signs  of  having  heard  the  report ;  but 
he  immediately  becomes  quiet  again,  and  pays  no' 
fui'ther  attention  to  it.  Sight  is  also  retained,  since 
the  bird  will  sometimes  fix  its  eye  on  a  particular 
object,  and  watch  it  for  several  seconds  together."  * 

While,  therefore,  Flourens  concludes  from  his  expe- 
riments that  the  Cerebrum  is  the  seat  of  all  sensation 
and  all  volition  ;  and  Bouillaud  concludes  that  it  is 
most  probably  the  seat  of  none;  Dr  Dalton,  more 
philosophical  than  either,  concludes  that  the  functions 
of  the  Cerebrum  are  restricted  to  those  usually  classed 
as  intellectual.  "  The  animal,"  he  truly  says,  "  is  still 
capable,  after  removal  of  ihe  hemispheres,  of  receiving 
sensations  from  external  objects.  But  these  sensations 
appear  to  make  upon  him  no  lasting  impression.  He 
is  incapable  of  connecting  vsdth  his  perceptions  any 
distinct  succession  of  ideas.  He  hears,  for  example, 
the  report  of  a  pistol,  but  he  is  not  alarmed  by  it ;  for 
the  sound,  although  distinctly  perceived,  does  not  sug- 
gest any  idea  of  danger  or  injury.  The  memory  is 
altogether  destroyed,  and  the  recollection  of  sensations 
is  not  retained  from  one  moment  to  another.  The 

*  Dalton  :  Human  Physiology,  PMladelphia,  1859,  p.  362.  This 
lucid  exposition  of  the  principles  of  Physiology  is— like  the  similar 
work  of  Dr  Draper — an  honour  to  American  science. 
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limbs  and  muscles  are  still  under  the  control  of  the 
will ;  but  the  will  itself  is  inactive,  because  apparently 
it  lacks  its  iisual  mental  stimulus  and  direction."  * 

Translated  into  the  language  of  these  pages,  the 
experiments  show  that  sensations  are  excited  in  the 
centres  to  which  the  respective  sensory  nerves  belong  ; 
these  centres,  in  turn,  excite  the  sensibility  of  the  great 
centre  (Cerebrum)  with  which  they  are  connected : 
these  reflex,  or  secondary,  excitations  call  forth  others 
(trains  of  ideas),  and  one  of  these  (say  the  idea  of 
danger)  acts  by  reflex  on  the  motor-organs.  By  re- 
moving the  great  centre,  you  remove  the  possibility  of 
its  various  reflexes  ;  you  do  not  remove  the  sensibility 
of  other  centres. 

Dr  Dalton  reminds  us  how  disturbance  of  the  cere- 
bral functions  in  human  beings  recalls  these  observa- 
tions on  animals.  "  In  cases  of  impending  apoplexy, 
or  of  softening  of  the  cerebral  substance,  among  the 
earliest  and  most  common  phenomena  is  a  loss  or 
impairment  of  the  memory.  The  patient  forgets  the 
names  of  particular  objects,  or  particular  persons  ;  or 
he  is  unable  to  calculate  numbers  with  his  usual  facil- 
ity. His  mental  derangement  is  often  shown  in  the 
undue  estimate  which  he  forms  of  passing  events.  He 
is  no  longer  able  to  appreciate  the  true  relation  be- 
tween difierent  objects  and  difl'erent  phenomena.  Thus 
he  will  show  an  exaggerated  degree  of  solicitude  about 
a  trivial  occurrence,  and  will  pay  no  attention  to  other 
matters  of  importance.  As  the  difficulty  increases,  he 
*  Dalton,  p.  362. 
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becomes  careless  of  the  directions  and  advice  of  liis 
.attendants,  and  must  be  watched  and  managed  lilic  a 
child  or  an  imbecile.  After  a  certain  period  he  no 
lono-er  appreciates  the  lapse  of  time,  and  even  loses 
the  distinction  between  day  and  night.  Finally,  when 
the  injury  to  the  hemispheres  is  complete,  the  senses 
may  still  remain  active  and  impressible  while  the 
patient  is  completely  deprived  of  intelligence  and  judg- 
ment." * 

Having  seen  how  far  other  experimenters  are  from 
confirming  the  conclusions  of  Flourens,  let  us  glance 
at  his  record  of  observations,  and  we  shall  find  there 
evidence  that  all  sensation  and  all  volition  cannot  be 
localised  in  the  Cerebrum. 

Speaking  of  a  fowl  whose  Cerebrum  was  removed 
the  day  before,  he  says,  "  she  shakes  her  head  and 
feathers,  sometimes  even  she  cleans  and  sharpens  them 
with  her  beak  ;  sometimes  she  changes  the  leg  on 
which  she  sleeps,  for,  like  other  birds,  she  sleeps  habitu- 
ally resting  upon  one  leg.  In  all  these  cases  she  seems 
like  a  man,  asleep,  who,  without  quite  waking,  changes 
his  place,  and  reposes  in  another,  from  the  fatigue 
occasioned  by  the  previous  posture  :  he  selects  one 
more  comfortable,  stretches  himself,  yawns,  shakes 
himself  a  little,  and  falls  asleep  again.  ...  On 
the  third  day  the  fowl  is  no  longer  so  calm  ;  she  comes 
and  goes,  but  without  motive  and  vsdthout  an  aim  ; 
and  if  she  encounters  an  obstacle  on  her  path,  she 
knows  not  how  to  avoid  it."+    In  his  second  work  he 

*  Dalton,  p.  363.  "T  Flourens,  p.  89. 
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remarks  of  a  Duck  operated  on  in  the  same  way :  "  As 
I  mentioned  last  year  a'propos  of  fowls,  the  duck  walks 
about  oftener,  and  for  a  longer  time  together,  when  it 
is  fasting  than  when  it  is  fed."  * 

Here  he  observes  the  unmistakable  evidence  of  feel- 
ings of  Hunger,  Fatigue,  and  Discomfort  in  animals 
which,  according  to  him,  have  lost  all  sensation.  He 
also  observes  the  operation  of  instinct  (cleaning  the 
feathers),  and  of  spontaneous  activity  (walking  about), 
in  animals  said  to  have  lost  all  instinct  and  all  volition. 
We  can  only  repeat  the  judgment  of  Johann  von  MiiUer: 
"Flourens  concluded  from  his  experiments  that  the 
cerebral  hemispheres  are  alone  the  central  organ  of 
sensations.    But  this  is  not  a  legitimate  inference 
from  his  highly  interesting  observations,  which,  as 
Cuvier  remarked,  prove  directly  the  contrary  of  this." 

If  we  review  the  evidence  furnished  by  experiment 
and  observation,  we  shall  perceive  that  although  the 
cerebral  hemispheres  play  an  important  part  in  the  psy- 
chical mechanism,  they  are  not  the  exclusive  centres  of 
sensation,  instinct,  or  volition,  since  all  these  are  mani- 
fested when  the  cerebrum  is  removed.    This  is  one 
step  towards  the  demonstration  of  the  truth,  that  nei- 
ther the  whole  brain,  nor  any  portion  of  it,  can  be 
the  exclusive  organ  of  the  Mind.    This  is  only  a  step, 
however,  and  we  must  wait  until  the  whole  nervous 
system  has  come  under  review  before  the  demonstra- 
tion can  be  complete. 
We  have  still  to  ascertain  what  are  the  functions  of 
*  Flocrens  :  Experiences,  p.  20. 
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the  Cerebrum.  The  first  point  we  notice  is,  that  no 
nerve  whatever  issues  from  it.  It  is  the  ganglionic 
centre  with  which  all  nerves  are  'indirectly  connected, 
but  from  which  no  nerve  takes  its  rise.  All  its  vast 
array  of  nerve-fibres  forms  but  a  connecting  apparatus, 
by  means  of  which  it  is  played  upon  by  all  other  centres, 
and  can  play  upon  them.  We  are  justified,  therefore, 
in  concluding  that  not  one  of  the  sensations  excited 
by  external  stimuli  can  be  directly  produced  in  the 
Cerebrum,  but  must  reach  it  through  the  ganglion  of 
each  stimulated  nerve.  It  is  on  this  ground,  I  presume, 
that  Prochaska,  Mliller,  Schroeder  van  der  Kolk,  and 
others,  have  maintained  that  consciousness  of  sensations 
is  no  function  of  the  Cerebrum  at  all.  I  am  not  sure 
that  I  perfectly  seize  their  meaning  ;  but  every  argu- 
ment seems  to  be  against  the  idea  that  the  Cerebrum 
acts  as  the  original  seat  of  sensations  derived  through 
the  sensory  nerves.  This  position  must  be  'clearly  un- 
derstood. The  Cerebrum  I  conceive  to  be  a  seat  of 
Sensibility,  because  of  its  ganglionic  nature.  But  the 
forms  of  Sensibility  excited  in  it  must  necessarily  differ 
from  those  excited  in  other  ganglia,  which  have  different 
organic  connections.  It  has  no  nerves  distributed  to 
the  skin,  or  to  the  organs  of  special  sense  ;  it  cannot, 
therefore,  have  the  peculiar  kinds  of  sensation  which 
are  excited  through  the  skin  and  organs  of  sense.  Its 
Sensibility  can  only  be  excited  through  the  agency  of 
its  own  nerve-fibres  ;  and  these  connect  its  several 
parts  together,  and  connect  it  with  the  other  centres, 
upon  which  it  plays,  and  through  which  it  is  played 
VOL.  n.  H 
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upon.    We  have  no  difficulty  in  understanding  that, 
because  the  organic  apparatus  with  which  the  optic 
centre  is  connected,  differs  from  that  of  the  auditory 
centre,  the  forms  of  Sensibility  excited  in  these  centres 
wiU  be  different.    Nor  shoixld  we  have  any  difficulty 
in  understanding  why  a  ray  of  light  acting  on  the 
optic  centre  must  excite  a  different  form  of  Sensibility 
from  that  which  would  be  excited  by  its  actmg  on  the 
Cerebrum  through  the  optic  centre,  i.e.  giving  the  sen- 
sation of  light  in  the  one  case,  and  the  perception  of 
light  in  the  other. 

By  this  explanation  I  have  endeavoured  to  make  it 
clear  how  the  forms  of  Sensibility  excited  in  the  cere- 
bral hemispheres  must  necessarily  be  in  many  respects 
unlike  those  excited  in  the  ganglia,  which  are  directly 
stimulated  by  sensory  nerves.  The  difference  between 
a  perception  of  sound  and  a  sensation  of  sound  is  as 
great  as  the  difference  between  the  sensation  of  pain 
when  a  skin-nerve  is  divided,  and  the  sensation  of  a 
flash  of  light  when  the  optic  nerve  is  divided. 

The  SensibUities  of  the  Cerebrum  are  usually  grouped 
under  two  general  heads-Intellect  and  Emotion. 
Hitherto  it  has  been  mysterious  how  an  organ  so 
homogeneous  as  the  Cerebrum,  wherein  each  convolution 
is  but  a  repetition  of  the  others,  should  nevertheless 
serve  functions  so  various  as  those  of  the  Intellect  and 
the  Emotions.  Even  those  who  reject  the  phrenological 
localisation  of  the  separate  faculties,  admit  that  the 
front  part  of  the  Cerebrum  seems  specially  devoted  to 
the  InteUect,  and  the  middle  and  back  parts  to  the 
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Emotions  and  Instincts.  But  neither  phrenologists, 
nor  their  cantagonists,  to  my  knowledge,  have  had  any 
scientific  explanation  to  offer  ;  and  as  the  views  advo- 
cated in  these  pages  seem  to  me  to  present  a  possible 
elucidation  of  the  difficulty,  I  will  first  state  the  objec- 
tion, and  then  endeavour  to  remove  it. 

The  convolutions  of  the  Cerebrum  are  everywhere 
similar  and  continuous,  like  so  many  folds  in  a  piece  of 
velvet.  They  are  not  separate  ;  they  are  not  different ; 
they  are  identical.  Why,  then,  can  we  suppose  they 
are  the  organs  of  very  different  functions  ?  We  do  not 
imaeine  that  one  lobe  of  the  liver,  or  lobuJe  of  the 
kidney,  plays  a  different  part  from  that  of  its  fellows  ; 
why,  then,  do  we  imagine  that  one  convolution,  or 
group  of  convolutions,  can  be  devoted  to  reasoning,  and 
another  to  loving,  one  to  the  perception  of  colours,  and 
another  to  an  instinct  ? 

The  phrenologists  evade  this  difficulty  by  saying 
that  "  observation  teaches  them  the  facts  are  so." 
Without  here  disputing  this  assertion,  I  must  remark 
that  it  in  no  way  removes  the  scientific  difficulty  ;  and  as 
Phrenology  professes  to  be  the  Physiology  of  the  Brain, 
it  is  bound  to  connect  its  observations  with  some  scien- 
tific explanation  of  the  nervous  mechanism  involved. 

We  need  not  evade  the  difficulty ;  for  if  Function 
be  determined  by  anatomical  connection,  it  is  clear  that, 
although  the  Cerebrum  may  be  one  homogeneous  struc- 
ture, it  will  have  various  functions  if  it  be  connected 
with  various  organs.  Assuming  that  every  convolution 
has  the  same  general  property  of  Sensibility,  our  prin- 
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ciples  lead  to  the  conclusion  that  the  peculiar  kind 
of  Sensibility  excited  in  each  will  depend  upon  the 
mtui-e  of  the  stimulus  ;  and  the  nature  of  the  stimulus 
will  of  course  be  determined  by  the  organic  apparatus 
effecting  it.   A  stimulus  through  the  optic  centre  must 
be  different  from  a  stimulus  through  the  gustatory 
centre  •  and  both  of  these  must  be  different  from  a 
stimulus  through  the  viscera.    The  stimulus  received 
through  the  centre  of  Perception,  will  necessarily  differ 
from  that  received  through  the  centre  of  the  Appetites  ; 
and  thus,  widely  as  an  Idea  differs  from  an  Emotion, 
they  are  both  peculiar  forms  of  SensibUity. 

Although  the  general  relations  of  the  cerebral  con- 
volutions are  thus  indicated,  it  would  require  an  en- 
til-ely  new  investigation  of  the  anatomy  of  the  Bram 
to  carry  this  into  detail.  For  the  present  our  knowledge 
is  too  imperfect  to  admit  even  of  an  attempt  at  detail. 
I  wm  however,  venture  to  suggest  the  point  of  view 
wHch  might  direct  inquiry.    If  we  ask  what  axe 
the  chief  divisions  into  which  all  psychical  pheno- 
mena group  themselves,  we  shall  find  that  the  popular 
classification  into  Thinking  and  FeeKng,  or  Mental  and 
Moral,  lucidly  and  broadly  indicates  the  primary  groups. 
Let  us,  ideally,  decompose  these  into  six  centres,  three 
^,  for  each  division.    In  the  first  group  we  may  place 
;  Sensations,  Perceptions,  and  Ideas-the  various  com- 
Ibinations  of  which  represent  inteUectual  activity.  In 
'the  second  group  we  may  place  Sensations,  Instmcts, 
or  Appetites  and  Emotions-the  various  combmations 
of  which  represent  moral  activity. 
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Sensation  thus  forms  the  point  of  departure  for  each 
series.  But  "we  have  already  seen  that  there  are  various 
kinds  of  sensation,  and  that  these  fall  into  two  dis- 
tinguishable groups — namely,  Sense- sensations  and 
Systemic-sensations.  The  iirst  are  derived  through  the 
organs  of  special  Sense,  i.  e.  Sight,  Hearing,  Taste, 
Smell,  and  Touch.  The  second  are  derived  from  the 
Viscera,  Muscles — in  a  word,  from  the  system  at  large. 
The  first  may  almost  be  considered  as  impersonal,  be- 
cause they  bring  us  into  conscious  relation  with  exter- 
nal objects — with  the  Not-self  The  second  are,  on  the 
contrary,  intensely  personal,  because  they  do  not  bring 
us  into  conscious  relation  with  external  objects,  but 
only  with  what  is  passing  within  our  bodies.  Eeason 
has  often  been  considered  impersonal,  but  no  one  ever 
considered  Emotion  to  be  so.  The  intellectual  opera- 
tions always  imply  an  externality  ;  even  when  we  are 
speculating  about  our  own  feelings  or  mental  opera- 
tions, we  always  view  them  as  if  apart  from  ourselves. 
The  Emotions  have  a  deeper  root  in  personality.  Every 
man,  unless  he  be  a  subtle  psychologist,  believes  that 
the  redness  is  in  the  rose,  the  sweetness  in  the  apple, 
and  the  loudness  in  the  thunder.  But  no  man,  not 
even  the  psychologist,  believes  that  the  love  or  hate,  the 
fear  or  reverence,  the  desire  or  disgust,  which  moves 
him,  belongs  to  the  object  which  excites  the  feeling. 

This  externality  of  the  Sense-sensations,  and  inter- 
nality  of  the  Systemic-sensations,  creates  a  broad  line 
of  demarcation  between  the  Perceptions  which  arise 
from  the  one,  and  the  Appetites,  or  Instincts,  which 


118 


THE  MIND  AND  THE  BRAIN. 


arise  from  the  other  ;  and  these,  in  turn,  issue  in  the 
very  different  forms  of  SensibiUty  known  respectively 
as  Thought  and  Emotion. 

It  has  never  been  doubted  that  our  perceptions  and 
ideas  have  their  origin  in  sensations.    The  old  philo- 
sophic adage  that  nothing  is  in  the  intellect  which  was 
not  previously  in  the  sense,  may  be  equivocal,  from  a 
restricted  use  of  the  word  sense  ;  but  it  points  to  the 
well-authenticated  fact,  that  sensation  lies  at  the  basis 
of  all  intellectual  operation.    I  feel  myself  justified, 
therefore,  in  considering  Ideation  as  the  form  of  cere- 
bral sensibility  which  is  determined  by  the  cerebral 
connections  with  the  ganglia  of  special  Sense.  In 
like  manner.  Emotion  may  be  considered  as  the  form 
'of  cerebral  sensibility  which  is  determined  by  connec- 
tions with  the  ganglia  of  visceral  sensation.    It  was 
formerly  believed  that  the  heart,  the  liver,  and  the 
spleen,  were  seats  of  the  passions ;  popular  language 
still  preserves  this  notion  ;  but  Bichat  was  the  last 
great  anatomist  who  countenanced  the  doctrine.  Since 
that  doctrine  has  fallen  into  discredit  there  has  been 
an  undue  neglect  of  the  important  fact  which  it  endeav- 
oured to  explain,  namely,  the  immediate  influence  exer- 
cised over  the  emotions  by  the  condition  of  the  viscera, 
and  the  influence  exercised  over  the  viscera  by  the  state 
of  the  emotions.   Both  the  ancient  and  the  modern  doc- 
trine are  reconciled  in  the  view  I  have  put  forth,  which 
makes  the  viscera  the  main  source  of  emotions,  just 
as  the  organs  of  sense  are  the  main  source  of  ideas. 
Although  the  mental  phenomena  are  thus  grouped 
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under  two  primary  and  six  secondary  divisions,  to  wliich 
anatomy  may  one  day  assign  corresponding  parts  of 
the  nervous  apparatus,  we  must  never  lose  siglit  of  the 
fact,  that  there  is  perpetual  action  and  interaction  be- 
tween the  various  centres.  But  this  consideration  leads 
us  into  the  domain  of  Psychology,  and  we  must  there- 
fore pause  here.  It  is  not  for  us  to  attempt  to  unravel 
the  tangled  mystery  of  mental  operations.  We  have 
not  been  able  to  do  more  than  indicate  in  a  very  general 
manner  the  relations  existing  between  the  Mind  and 
the  Brain  ;  and  having  done  so,  we  have  now  to  ask, 
whether  the  cerebral  hemispheres  have  any  other  func- 
tions ?  I  think  they  have  ;  but  as  physiologists  have 
not  directed  their  attention  in  this  direction,  there 
are  no  experiments  on  record  to  throw  light  on  it. 
Lallemand  conceives  that  there  must  be  some  necessary 
dependence  of  the  Spinal  Chord  on  the  Cerebrum  in 
the  higher  animals,  and  it  is  to  this  he  attributes  the 
fact,  certainly  significant,  that  children  born  without  a 
brain  never  live  more  than  three  or  four  days  :  they 
do  not  die  of  starvation,  for  they  swallow  food  quite 
well.  He  also  observes  that  the  movements  of  these 
brainless  children  are  much  feebler  than  those  of  others 
at  the  same  age.*  One  might,  indeed,  suspect  the 
cause  to  lie  deeper ;  the  same  cause  which  deter- 
mined the  malformation  may  determine  the  feeble 
vitality.  But  Lallemand's  idea  is  strengthened  by  the 
observation  of  Mourens,-[-  that  removal  of  the  cerebrum 

*  Quoted  by  Solly  On  the  Brain,  p.  455. 
t  Flourens:  Recherches,  p.  129. 
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retards  digestion  ;  and  by  the  familiar  fact  of  the  inti- 
mate sympathy  between  the  Mind  and  all  the  organic 
functions. 

It  is  perhaps  on  this  ground  that  we  may  explain  the 
disproportion  between  the  mental  activity  and  the  size 
of  brain  in  certain  animals.    The  elephant  has  a  brain 
three  times  heavier  than  that  of  man  ;  and  that  of  the 
whale  is  nearly  twice  as  heavy  as  that  of  man.    It  is  • 
true  that  in  the  elephant  and  whale  the  cerebrum  is 
not  so  much  greater  than  the  other  parts,  as  is  the  case 
in  man,  in  whom,  as  we  saw,  it  is  eight  times  the  size 
of  the  other  parts  ;  nevertheless  the  preponderance  of 
the  cerebrum  is  considerable,  and  there  is  certainly  no 
preponderance  of  mental  power  to  correspond  with  it. 
When,  however,  we  conceive  the  cerebrum  as  the  chief  ^ 
nervous  centre  having  dominion  over  all  others— when 
we  assign  to  it  participation  in  other  functions  besides 
those  of  mental  activity,  the  immense  size  of  the  body 
of  the  elephant  and  whale  seems  to  justify  an  equivalent 
development  of  the  cerebrum. 

On  this,  however,  we  must  be  content  with  hypo- 
theses. Science  has  no  carefully- collated  facts  to  justify 
us  in  anything  beyond  a  general  surmise  that  the 
cerebral  hemispheres  have  more  than  an  intellectual 
and  volitional  part  to  play:  that  they  are  directly  con- 
nected with  the  functions  of  inteUigence,  no  reasonable 
man  will  doubt ;  and  having  arrived  at  this  conclu- 
sion, we  will  now  pass  on  to  the  examination  of  the 
other  centres,  by  anatomists  grouped  together  under 
the  general  term  Brain. 
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Description  of  the  Cerebellum — Gall's  hypothesis — Experiments  of 
Flourens  to  prove  that  the  Cerebellum  co-ordinates  muscular  move- 
ments :  arguments  against  such  an  hypothesis — Flat  contradictions 
— The  experiments  of  Schiff — Evidence  furnished  by  Comparative 
Anatomy  ;  and  by  Disease — Absence  of  the  Cerebellum  not  accom- 
panied by  absence  of  co-ordination  :  Combette's  case — The  Cere- 
bellum as  a  seat  of  sensation  and  volition — Has  the  Cerebellum  any 
share  in  intellectual  operations  ? — -Description  of  the  Medulla  oblon- 
gata— Is  the  Medulla  distinct  from  the  Spinal  Chord  ? — Tlie  Medulla 
a  seat  of  volition — Why  it  is  considered  a  seat  of  sensation — Is  there 
a  "vital  point?" — Experiments  of  Flourens  contradicted  by  the 
erperiments  of  Schiflf  and  Brown-S^quard — Influence  of  the  Medulla 
on  the  heart's  action — Why  a  "  shock"  of  grief  or  joy  causes  death — 
Pain  the  cause  of  death — Summary  of  the  functions  of  the  Brain. 

Aftee  the  Cerebrum,  or  big  brain,  our  attention 
must  be  claimed  by  the  Cerebellum,  or  little  brain, 
which,  in  man,  lies  underneath  the  greater  mass,  as 
seen  in  Fig.  51,  2,  p.  122.  The  two  organs  present 
some  differences  in  structure,  but  they  agree  in 
principal  points :  they  are  both  composed  of  grey 
matter  externally,  and  internally  of  white  matter. 
The  convolutions  of  the  Cerebellum  are  more  com- 
VOL.  11.  1 
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pressed,  and  have  the  appearance  of  leaflets.   Like  the 


Fig.  51. 


The  Human  Brain  in  Profile. 
1,  Cerebrum;  2,  CerelDeUum;  3,  MeduUa 
Oblongata. 


Fig.  52. 


Cerebrum,  it  is  to- 
tally Lasensible  to 
pricks  or  pinch- 
es. Its  relation  to 
the  other  centres 
is  roughly  indicat- 
ed in  this  diagram 
(Fig.  52). 

Gall,  to  whom 
we  owe  so  great  a 
debt  for  the  im- 
pulse he  gave  to 
the  study  of  the 
nervous  system,  as- 
signed the  sexu- 
al  instinct  to  the 
Cerebellum.  This 
hypothesis,  after 
having  been  exten- 
sively discussed,  is 
now,  I  believe,  re- 
jected by  all  good 
physiologists;  and 
we  must  declare 
with  Longet  tliat 

sphereTi  CoTImrstriata^^  i       gurveV  of 

5    Tuberoula  quadiigemina;    6,    Cerebellum;  a  Caim  blU\e^ 
t'  finncrlion  of  tlie  Pons  Varolii;  S,  Olivary  ^ 

body  or  Ganglion  in  the  Medulla  Oblongata,  the  eVldcUCC  forCCS 
Tlio  lines  show  the  direction  of  the  abres. 

(After  Dalton. )  the  COUCluSlOUthat 

neither  Anatomy  nor  Pathology,  neither  Experiment 


Diagram  of  Vertical  Section  of  the  Bbain. 
1,   Olfactory  Ganglion  ;  2,  the   Cerebral  Hemi 


gall's  hypothesis. 
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nor  Comparative  Anatomy,  justifies  our  assigning  the 
sexual  instinct  to  the  Cerebellum* 

It  is  extremely  probable  that  an  antagonism  to  Plire- 
nology,  and  a  desire  to  find  it  in  the  wrong,  has  con- 
siderably sharpened  the  wits  of  physiologists,  in  the 
investigation  of  this  point,  making  them  at  once  more 
patient  in  research,  and  more  circumspect  in  intei-pre- 
tation,  than  they  are  wont  to  be  when  no  doctrine  is 
at  stake.  If  a  little  of  this  animus  had  moved  them 
to  scrutinise  more  closely  the  hypothesis  first  pro- 
poimded  by  Flourens,  it  would  never  have  obtained 
the  too  facile  acquiescence  of  Europe  ;  and  our  science 
would  have  been  burdened  with  one  error  less.  But 
there  was  nothing  at  stake  in  the  hypothesis  that  the 
Cerebellum  was  the  organ  of  muscular  co-ordination — 
nothing  but  Truth  ;  and,  unhappily,  the  desire  for  Truth 
does  not  move  the  passions  of  men  with  the  same 
energy  as  a  desire  to  attack  or  defend  a  system. 

If  there  is  a  position  which  our  text-books  represent 
as  impregnable,  it  is  that  the  co-ordination,  or  regula- 
tion, of  muscular  movements  is  the  peculiar  function 
of  the  Cerebellum.  It  seems  looked  on  as  a  first  truth. 
The  experiments  of  Flourens  and  Bouillaud  are  con- 
sidered as  having  established  the  point  beyond  dispute. f 
With  what  justice  we  will  now  inquire. 

*  LoNGET :  Traits  de  Physiol,  ii.  ;  Lelut  :  Rejet  de  la  doctrine  organ- 
ologique;  Leubet  et  Gratiolet  :  Anat.  Cortvp.  du  Sysiime  Nerveux, 
i.  427,  547.  Dr  Carpenter  has  also  collected  evidence  on  this  point 
in  his  Human  Physiology. 

+  Flouhens  :  Recherches,  &c.  Bouillaud  :  Recherches  tendant  d 
refuter  V opinion  de  M.  Gall  sur  lesfonctions  du  Cervelet,  1827.  Although 
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Flourens  removed,  by  successive  slices,  the  Cerebel- 
lum of  a  goose.   With  the  first  slices  he  noted  hesita- 
tion and  want  of  harmony  in  the  movements  of  the 
bird  ;  with  the  second  slices  the  walk  became  a  stagger  ; 
with  the  final  slices  all  power  of  locomotion,  aU  power 
of  retaining  the  equilibrium  of  the  body,  disappeared 
Throughout  these  operations  the  intellectual  and  sen- 
sitive faculties  were  undisturbed.    "  The  CerebeUum, 
therefore,''  concludes  Flourens,  "  is  the  seat  of  the  co- 
ordination of  muscular  movement ;  but  not  the  seat  of 
intelligence,  sensation,  voUtion.    The  Cerebrum /ee^s 
and  wills;  the  Medulla  oblongata  and  spinal  chord 
execute;  the  Cerebellum  co-ordinates."    This  is  one 
of  those  neat  epigrams  which  captivate  assent,  and 
rest  in  the  memory  ;  and  as  regards  the  Cerebellum,  it 
receives  further  assistance  from  the  following  state- 
ment made  by  Longet :  "  Take  two  pigeons-from  the 
one  remove  the  whole  Cerebrum,  from  the  other  only 
a  part  of  the  Cerebellum ;  on  the  morrow,  the  first  will 
be  firm  on  its  feet,  the  second  will  have  the  gait  of  a 
drunken  man."* 

The  fact  is  indisputable ;  but  does  it  carry  the  con- 
clusion? It  seems  to  me  that  there  is  a  misconception 
of  the  bearing  of  experimental  evidence,  in  the  sup- 
position that  injury  to  an  organ,  followed  by  disturb- 
ance of.  a  particular  function,  proves  that  the  function 

BOTJILLAUD  controverts  Floueens  on  some  points,  showing  that  it  is 
only  over  the  muscles  of  the  extremities  that  the  co-ordinating  power 
extends,  yet  he  agrees  with  him  on  the  main  point. 
*  Longet,  ii.  265. 
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in  question  has  its  seat  in  that  organ  :  nothing  more 
than  a  suspicion  can  be  warranted  by  such  evidence  ; 
and  in  the  present  case  the  suspicion  is  proved  to  be 
erroneous,  by  the  fact  that  the  function  can  in  some 
cases  be  exercised  when  the  organ  is  absent.  Experi- 
ment and  Pathology,  if  suflBciently  examined,  distinctly 
pronounce  against  the  hypothesis. 

The  idea  of  there  being  one  particular  seat  of 
muscular  co-ordination  appears  to  me  illusory.  Each 
centre  co-ordinates  the  muscles  to  which  its  nerves  are 
distributed  ;  and  the  co-ordination  of  the  whole  de- 
pends on  the  integrity  of  the  whole  mechanism.  The 
Spinal  Chord  is  the  general  centre  from  which  spring 
the  nerves  distributed  to  the  limbs  and  trunk.  If  tliis 
chord  be  divided,  lengthwise,  into  two  halves,  each  half 
will  co-ordinate  the  muscles  of  each  side  of  the  body ; 
but  the  two  sides  will  not  move  harmoniously,  because 
the  integrity  of  the  mechanism  has  been  disturbed ; 
and  as  regards  the  movements  of  the  limbs,  the  two 
halves  might  be  two  animals.  It  is  the  same  when 
the  chord  is  divided  across :  this  cuts  the  body  into 
two  halves ;  but  the  fore-legs  are  co-ordinated  by  the 
anterior  half,  the  hind-legs  by  the  posterior  half  But 
if  the  division  has  not  been  complete,  if  we  leave  the 
grey  matter  to  be  on  one  side  continuous,  then  Stilling 
assures  us,  the  continuity  enables  both  sides  to  be  co- 
ordinated.* 

The  experiments  of  Flourens  and  Bouillaud  certainly 

*  Stilling:  Untersuchungen  iiber  die  Functionen  des  Ruckemnarks, 
145,  14fi,  155. 
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prove  that  the  Cerebellum  exercises  some  marked  in- 
fluence on  muscular  movements,  at  least  those  implied 
in  sustaining  equilibrium.    But  this  is  true  only  of 
birds  and  mammals.    It  is  unequivocally  not  true  of 
lizards,  frogs,  tritons,  &c.    Flourens  indeed  says  :  "  I 
removed  the  Cerebellum  of  a  frog ;  walking,  leaping, 
even  standing,  were  suddenly  abolished.    I  removed 
the  Cerebellum,  bit  by  bit,  from  another  frog ;  walking, 
leaping,  and  standing  were  gradually  abolished"* 
The  facts  were  doubtless  as  he  describes  them  ;  but  I 
venture  to  say  that  if  he  had  allowed  haK  an  hour  to 
elapse,  so  as  to  allow  the  shock  of  the  operation  to  pass 
away,  he  would  have  seen  the  frogs  leaping  and  swim- 
ming as  vigorously  as  ever.    Every  one  who  has  ex- 
perience in  these  matters  wiU  remember  that  unless 
the  frogs  so  operated  on  (or  even  after  the  entire  re- 
moval of  the  brain)  were  carefully  secured,  they  were 
soon  hopping  about  the  house— to  the  horror  of  maid- 
servants, and  amusement  of  the  experimenter. 

Here  then  is  a  patent  contradiction  :  The  Cerebellum, 
which  has  such  marked  influence  over  the  movements 
of  birds,  has  none  at  all,  that  is  appreciable,  over  the 
movements  of  frogs.  Those  who  sufi'er  phrases  to  do 
duty  for  ideas,  may  get  over  this  contradiction  by  say- 
ing that  birds  are  "  diff"erently  constituted"  from  frogs, 
and  therefore  the  Cerebellum  may  have  a  function  in 
the  one  which  it  has  not  in  the  other.  But  no  biolo- 
gist, who  pretended  to  philosophy,  would  be  satisfied 
with  a  phrase  so  vague ;  he  would  demand  in  what 
*  Flourens,  p.  51. 
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this  said  diiFereuce  of  constitution  consisted.  He  would 
know  that  function  is  determined  by  anatomical  con- 
nection, and  would  inquire  what  were  the  anatomical 
differences  in  these  cases. 

.  I  was  groping  my  way  through  this  obscurity,  when 
the  experiments  of  Schiff  seemed  to  flash  a  sudden 
streak  of  lioht.  He  showed  that  the  strands  of  nerve- 
fibres  which  pass  into  the  Cerebellum  (called  the  crura 
cerehelli)  are  instrumental  in  fixing  the  vertebral 
column  in  the  region  of  the  neck ;  and  that  when  an 
injury  to  the  Cerebellum  disturbs  the  harmony  of 
movements,  it  is  by  acting  on  these  neck-fixing  parts. 
If  the  Cerebellum,  he  says,  be  cut  through  on  one  side, 
the  movements  become  irregular ;  but  if  it  be  cut 
through'  on  both  sides,  in  a  perfectly  symmetrical 
manner,  the  movements  do  not  at  all  become  irregu- 
lar.* No  one  need  be  told  that  the  equilibrium  of  the 
body  is  maintained  by  the  adjustment  of  the  vertebral 
column.  This  must  be  notably  the  case  with  a  long- 
necked  bird ;  it  is  not,  however,  the  case  with  the  short- 
necked  frog,  or  triton,  which  requires  no  such  adjust- 
ment of  its  column  to  preserve  equilibrium,  f 

After  this  refutation,  it  is  interesting  and  instructive 
to  read  the  array  of  facts  which  can  be  brought  from 

*  SoHiTF :  Lehrluch  der  Physiol.,  i.  355. 

t  Since  this  was  written,  the  Gennan  translation  of  Schecedbb  van 
DER  KoLK's  work  has  appeared,  in  which  he  declares  it  has  always 
been  incomprehensible  to  him  how  men  could  beUeve  the  cerebellum 
to  be  the  seat  of  co-ordination,  which  he  places  in  the  spinal  chord, 
and  he  adduces  the  movements  of  decapitated  frogs  as  proof. — Bau 
unci  Functionen  der  Med.  Spin.,  1859,  p.  68. 
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Comparative  Anatomy  to  give  countenance  to  the 
hypothesis  :  "  On  ascending  the  scale  of  mammiferons 
animals,  we  cannot  but  be  struck  with  the  rapid  ad- 
vance in  the  proportional  size  of  the  Cerebellum  which 
we  observe  as  we  rise  from  the  lowest  (which  are  sur- 
passed in  this  respect  by  many  birds)  towards  man,  in 
whom  it  attains  a  development  which  appears  enormous 
even  when  contrasted  with  that  of  the  Quadrumana. 
In  proportion,  in  fact,  as  the  extremities  acquire  the 
power  of  prehension,  and  together  with  this  a  power 
of  application  to  a  great  variety  of  purposes— still 
more  in  proportion  as  the  animal  becomes  capable  of 
maintaining  the  erect  posture,  in  which  a  constant 
muscular  exertion,  consisting  of  a  number  of  most 
elaborately  combined  actions,  is  required — do  we  find 
the  size  of  the  Cerebellum  and  the  complexity  of 
its  structure  undergoing  a  rapid  increase.    Thus,  even 
between  the  dog  and  the  bear  there  is .  a  marked  dif- 
erence ;  the  latter  being  capable  of  maintaining  for 
some  time  the  erect  posture,  and  often  spontaneously 
assuming  it ;  whilst  to  the  former  it  is  anything  but 
natural."  * 

This  evidence  is  valuable  as  indicating  some  con- 
nection between  the  Cerebellum  and  muscular  move- 
ments, but  it  cannot  weigh  against  the  positive  evi- 
dence just  adduced.  Nor  can  much  countenance  be 
gained  from  the  evidence  of  Disease,  although  that  also 
is  frequently  invoked.  Irregularity  of  co-ordination  is 
indeed  sometimes  found  accompanying  disease  of  the 
*  Carpenter  :  Human,  Physiology,  p.  521. 
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Cerebellum  ;  hut  more  frequently  not ;  and  it  some- 
times accompauies  disease  of  the  Cerebrum.  Andral 
lias  collected  ninety- three  cases  of  diseased  Cerebellum, 
and  of  these  "  there  is  07ily  one  which  tends  to  favour 
the  opinion  of  physiologists."     Longet,  who  quotes 
this,  remarks  that  inasmuch  as  the  diseases  were  for 
the  most  part  chronic,  it  is  possible  that  the  unaffected 
portions  may  have  performed  the  co-ordinating  func- 
tion ;  and  he  considers  the  evidence  of  Experiment  to 
be  more  conclusive.    On  the  other  hand,  Ludwig  curtly 
declares  that  all  experiments  on  birds  are  valueless  for 
the  physiology  of  man,  since  no  one  has  ever  observed 
these  phenomena  of  imperfect  co-ordination  when  the 
human  Cerebellum  has  been  injured.*    I  agree  with 
Longet  that  experiment  is  more  conclusive  ;  but  it  con- 
cludes against  the  hypothesis.    Pathology,  however, 
records  one  very  strikhig  case,  which  of  itself  would 
sufBce  to  settle. the  question,  because  it  shows  us  the 
absence  of  a  Cerebellum  in  a  human  subject.    It  was 
first  published  by  Combette,  in  the  Revue  Medicale, 
1831,  and  is  constantly  alluded  to.    Mr  Solly  reports 
it  thus,  in  his  work  on  the  Brain  : — 

"  This  was  a  case  in  which  the  Cerebellum  was 
entirely  wanting,  nothing  being  found  in  its  place  but  a 
Cj[XLantity  of  serous  fluid  contained  in  the  membranes  : 
on  each  side  a  pedunculated  body,  not  larger  than  a 
pea,  was  attached  to  the  corjwra  restiformia ;  all  the 
rest  seemed  replaced  by  a  nervous  sac.  The  pons 
Varolii,  as  well  as  the  Cerebellum,  were  absent,  and 

*  LUDWIS  :  Lehrhuch  der  Physiol,  i.  210. 
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the  individual  in  whom  this  remarkable  lesion  was  ob- 
served had  attained  the  age  of  eleven  years. 

"This  case  shows  that  agenesia  cerehelli,  or  total 
want  of  the  Cerebellum,  does  not  necessarily  render 
existence  impossible,  provided  the  other  parts  of  the 
nervous  centres  be  well  conformed.  The  individual 
may  even  live  for  a  considerable  time.  The  child  here 
was  nearly  twelve  years  of  age,  and  we  have  reason  for 
considering  the  disease  as  congenital ;  for  had  it  been 
acquii-ed— had  this  absence  of  the  whole  Cerebellum 
depended  on  an  actual  destruction  of  the  nervous  sub- 
stance by  an  organic  lesion,  it  is  not  probable  the 
child  would  have  survived  so  long. 

"  What  were  the  phenomena  observed  during  life? 
What  eflfect  did  this  complete  atrophy  produce  on  the 
intellect  ?    What  modification  in  the  function  of  mo- 
tion ?    The  intellectual  faculties  were  obtuse,  though 
not  to  a  remarkable  degree  ;  the  answers  slow  and 
difficult ;  the  whole  countenance  expressive  of  stupid- 
ity :  in  a  word,  the  child,  though  not  exactly  idiotic, 
stiU  showed  a  deviation  of  the  mental  powers.  The 
motility  was  also  modified  ;  the  power  of  motion 
was  considerably  weakened  in  the  lower  limbs,  which 
did  not  possess  their  natural  force  and  vigour  ;  hence 
the  child  was  unable  to  support  itself  with  any  firm- 
ness ;  it  feU  down  frequently  ;  the  legs  crossed  each 
other  during  walking,  and  the  gait  was  irregular  and 
unsteady.    At  length  the  child  was  compeUed  to  con- 
fine itself  altogether  to  bed,  and  after  some  time  was 
unable  to  stir,  even  when  lying  in  a  horizontal  position. 


combette's  case. 


131 


Thus  the  modification  of  motility  consisted  in  the  gra- 
dual abolition  of  motion  :  to  this  were  joined  epilejiti- 
form  convulsions,  which  continued  for  some  time,  and 
finally  carried  off  the  patient.  The  sensation  of  the 
integumental  covering  was  not  modified  in  any  way 
whatever.  There  was  no  increase  of  sensibility  in  the 
commencement — no  obtuseness  or  diminution  of  feel- 
ing, even  when  paralysis  was  most  complete ;  the 
senses  also  remained  intact.  The  child  could  see, 
hear;  and  taste,  in  a  perfect  manner.  The  functions  of 
nutrition,  circulation,  and  respiration  were  carried  on 
without  any  notable  disturbance." 

This  remarkable  case  has  been  quoted  to  prove  the 
truth  of  the  opinion  advanced  by  Flourens  ;  it  is  al- 
luded to  by  Longet  as  one  subversive  of  all  the  hypo- 
theses that  have  been  advanced.  If  we  examine  it  by 
the  light  of  the  experimental  canon  previously  laid 
down — namely,  that  "  the  disappearance  of  a  function, 
on  the  removal  of  an  organ,  is  no  proof  whatever  that 
the  function  had  its  seat  in  that  organ  ;  but  the  per- 
sistence of  a  function,  after  the  removal  of  an  organ,  is 
rigorous  proof  that  the  function  had  not  its  seat  in  that 
organ" — we  shall  clearly  see  that  the  opinion  of  Flourens 
is  refuted  by  this  case.  The  co-ordinating  power 
was  weak,  indeed,  at  least  in  the  lower  extremities 
(nothing  is  said  of  the  upper)  ;  but  the  whole  motility 
was  weak,  and  at  last  destroyed.  Now  the  hypothesis 
which  assigns  co-ordination  as  the  function  of  the 
Cerebellum,  expressly  denies  that  organ  to  be  the  seat 
of  motility, — that  being  assigned  to  the  Spinal  Chord. 
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It  is  co-ordination  alone  wliicli  the  Cerebellum  is  said 
to  effect ;  and  when  the  whole  of  that  organ  is  re- 
moved, all  co-ordination,  at  least  of  the  extremities,  is 
said  to  disappear.  But  this  was  assuredly  not  the  case 
in  the  instance  just  quoted  ;  the  whole  of  the  Cere- 
bellum was  absent,  and  only  a  slight  part  of  the  co- 
ordinating power  was  affected.  This  persistence  of 
the  function  in  the  absence  of  the  organ  is  a  demon- 
stration of  the  error  of  Flom-ens.  Whatever  were 
the  causes  which  affected  the  motility  of  the  child, 
who  was  half  an  idiot,  they  also  necessarily  affected 
her  power  of  co-ordinating  her  movements.* 

Two  other  cases  are  referred  to  by  Browii-Sequard, 
wherein  total  destruction  of  the  Cerebellum  by  disease 
was  unaccompanied  by  paralysis,  or  any  other  trouble 
in  the  functions  of  animal  life.  "  I  have  ascertained," 
he  says,  further,  "  that  it  is  by  the  initation  they  pro- 
duce on  various  parts  of  the  basis  of  the  brain  that  the 
diseases  of  the  Cerebellum,  or  its  extirpation  in  ani- 
mals, cause  the  disorder  of  movements  which  has  been 
considered  as  depending  upon  the  absence  of  a  guiding 
power.  In  fact,  the  least  irritation  of  several  parts  of 
the  brain,  with  only  the  point  of  a  needle,  may  gener- 
ate very  nearly  the  same  disorder  of  movements  that 
follows  the  extirpation  of  the  Cerebellum."  f 

*  Dr  Robert  Willis,  in  the  valuable  cotes  to  liis  translation  of 
Wagiicr's  Physiology,  takes  a  similar  view  :  "  The  poor  child  was 
almost  an  idiot ;  but  as  she  spoke,  and  walked,  and  used  her  hands, 
it  is  obvious  that  the  Cerebellum  could  have  had  nothing  to  do  with  the 
hiohly  complicated  movements  requisite  in  all  these  acts"  (p.  637). 

f  Beown-Sequard  :  Lectures  in  Lancet,  27th  August  1858. 
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Locldiart  Clarke  is  also  indisposed  to  accept  the  c\n- 
reut  hypothesis.  "  That  the  Cerebelluin,"  he  says,  "  is 
in  some  way  concerned  in  the  regulation  and  co-oidin- 
ation  of  muscular  movements,  appears  to  follow  f^'oni 
experiment  and  pathological  investigation  ;  but  I  think 
there  are  many  reasons  for  believing  that  the  mode  of 
action  usually  assigned  to  it  is  unsatisfactory,  and  at 
variance  with  many  established  facts."  * 

It  is  an  interesting  illustration  of  the  powerful  bias 
whicli  may  be  given  to  the  mind  by  a  striking  experi- 
ment, or  a  captivating  formula,  that  a  multitude  of 
facts  which  contradicted  Plourens  have  either  been  dis- 
regarded, or  have  been  only  admitted  as  suggestive  of 
doubts.  But  the  reader  will,  I  hope,  now  see  that  the 
hypothesis  of  the  Cerebellum  being  the  organ  of  mus- 
cular co-ordination  is  not  doubtful — it  is  utterly 
erroneous. 

II.  The  Cerebellum  a  Seat  of  Sensation  and 
Volition.— What,  then,  is  the  function  of  the  Cerebel- 
lum ?  Unhappily  no  clear  answer  can  be  given  to  that 
question  ;  and  mainly  because  the  answer  has  not  been 
sought  in  the  right  way.  All  I  can  attempt  at  present 
is  to  show  that  the  Cerebellum  must  be  a  seat  of  Sen- 
sation and  Volition,  because  it  is  a  great  ganglionic 
centre,  or  group  of  centres,  having  the  same  tissues  as 
those  other  cranial  centres  which  every  one  admits  to 
be  endowed  with  Sensibility. 

It  has  been  held  by  very  eminent  investigators  that 

*  Lockhart  Clarke  :  Philosopldcal  Transaction^^,  1853,  p.  531. 
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the  CerebeUum  is  the  seat  of  SensibUity.*    This  is  an 
exasperation  ;  but  it  suffices,  even  as  an  exaggeration, 
to  show  how  many  facts  speak  in  favour  of  Sensibility 
in  this  organ.    Mr  Solly  has  quoted  the  foUowing  pas- 
sage from  Foville,  which  bears  upon  the  point :  "  The 
opinion  advanced  by  some  physiologists  that  the  Cere- 
bellum is  the  regulator  of  the  voluntary  movements,  if 
we  attentively  consider  the  reasoning  on  which  it  rests, 
seems  to  me  to  strengthen  the  idea  which  places  the 
central  seat  of  sensibility  in  the  CerebeUum.  After 
having  injured  the  structure  of  the  Cerebellum  exten- 
sively, we  have  observed  that  animals  preserved  their 
power  of  moving  their  limbs,  but  had  lost  that  of  co- 
ordinating the  movements  of  these  in  a  manner  con- 
venient to  station,  progression,  flight,  &c.    But  when 
we  will  to  perform,  and  actually  perform,  certain 
movements,  do  we  not  distinctly  feel  that  we  execute 
them  ?    The  man  who,  with  his  eyes  shut,  moves  his 
hand  or  his  arm,  does  he  not  also  distinctly  feel  that  he 
moves  these  parts  as  if  he  foUowed  them  with  his  eyes  ? 
While  the  paralysed  man  who,  with  his  eyes  shut,  is 
desired  to  move  his  paralysed  limbs,  may  be  very  will- 
ing to  do  so,  though  incapable  and  perfectly  aware  of 
his  incapabUity  of  obeying.    If  this  be  true,  how  can 
we  expect  that  an  animal  deprived  of  the  faculty  of 
perceiving  the  sensation  of  the  movements  which  it 
executes,  should  execute  them  in  the  ensemble  with 

*  Compare  Longet,  Traits,  ii-  263,  for  authorities.  He  himself 
thinks  that  it  participates  in  sensation  but  is  positive,  that  it  is  not 
tho  exclusive  seat. 
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harmony,  and  in  accordance  with  a  proposed  end  ? 
How  can  we  expect  it  to  walk  deliberately  and  to  keep 
its  eqiiihbrinni,  if  it  does  not  feel  the  ground  upon 
which  it  stands,  if  it  is  ignorant  of  the  position  in 
which  its  limbs  are  placed  ?  I  remember  conversing 
with  Sir-  Astley  Cooper  on  this  subject  towards  the  end 
of  1880.  Sir  Astley  cited  to  me  the  case  of  a  man 
completely  deprived  of  the  faculty  of  sensation  in  one  , 
arm  and  hand,  the  muscular  power  of  which  was,  how- 
ever, preserved.  When  this  man  was  desired  to  take 
hold  of  and  to  lift  anything,  he  did  so  quite  well ;  but 
if,  whilst  holding  the  object,  his  attention  was  taken 
away  from  the  hand,  irregular  contractions  of  the 
limb  commenced,  and  very  soon  the  object  fell  to  the 
groimd :  as  soon  as  the  patient  ceased  to  follow  the 
contractions  of  his  fingers  with  his  eyes,  nothing  re- 
mained to  inform  him  that  he  held  the  object,  when,  of 
course,  it  escaped  from  his  grasp.  This,  and  other 
cases  of  a  similar  description,  seem  conclusive  as  to 
'  the  fact  of  sensation  being  the  true  regulator  of  the 
muscular  motions  :  it  is  by  means  of  sensations  that 
we  are  aware  of  the  mode  or  degree  of  action  in  our 
muscles,  that  we  have  the  power  of  co-ordinating  their 
contractions  in  a  suitable  manner,  and  of  executing  a 
succession  of  voluntary  movements  in  harmony  vdth 
one  another," 

Indeed  there  will  be  few  physiologists  now  to  dis- 
pute the  position,  that  the  facts  which  indicate  the  Cere- 
bellum to  have  a  considerable  share  in  muscular  co- 
ordination, also  prove  that  it  must  have  a  share  in 
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Sensation,  since  without  Sensation  no  co-ordination  is 
possible.  What  that  share  precisely  is,  we  cannot  say. 
It  is  clear  that  the  Senses  are  not  dependent  on  the 
Cerebellum  ;  for  the  girl  in  Combette's  case  was  in 
perfect  possession  of  Sight,  Hearing,  and  Taste.  It  is 
equally  clear  that  Pain  has  not  its  centre  there.  But 
nothing  can  be  said  very  decisively  as  to  the  other 
sensations.* 

Has  the  Cerebellum  any  share  in  the  intellectual 
operations  ?  Tlourens  and  Bouillaud  declare  not ;  but 
Longet  properly  remarks,  that  inasmuch  as  animals 
deprived  of  that  organ  survive  but  a  little  time,  and 
generally  in  a  state  of  great  agitation,  it  is  difficult  to 
form  an  opinion  as  to  the  state  of  their  intelligence. 
Nor  can  much  reliance  be  placed  on  pathological  cases. 
Very  frequently  no  trouble  whatever  of  the  intellectual 
faculties  seems  to  accompany  disease  of  the  Cerebellum ; 
but  inasmuch  as  disease  of  the  Cerebrum  is  also  fre- 
quently unaccompanied  by  disturbance  of  the  intelli- 
gence, no  conclusion  can  be  foimded  on  that.  Disease 
sometimes  notably  disturbs  the  intelligence  ;  and  in 
Combette's  case  the  girl  was  nearly  idiotic. 

When,  therefore,  we  consider  the  great  similarities 
in  structure  and  position  between  the  Cerebrum  and 
Cerebellum  ;  and  when,  further,  we  reflect  that  the 
Cerebellum  in  the  various  stages  of  the  animal  scale  is 

*  Dr  Noble,  in  Ms  work,  Tlie  Human  Mind  in  its  Relations  icitii  tlie 
Brain  and  Ne)-vous  System,  p.  49  seq.,  advances  the  hypothesis  that 
the  ganglionic  masses  of  the  Cerebellum  named  corpora  dentata  are  the 
seat  of  tactUe  sensibility. 
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always  found  to  be  developed  in  proportion  to  the 
intellectual  development  of  the  animal,  being  beyond 
all  comparison  greatest  in  man,  and  smallest  in  fishes, 
there  is,  it  must  be  confessed,  reason  to  suspect  that 
the  Cerebellum  also  participates  in  some  degree  in  the 
production  of  mental  phenomena.  At  the  same  time 
we  must  admit  that  there  is  no  direct  evidence  on  the 
point,  either  for  or  against  it. 

III.  Functions  of  the  Medulla  Oblongata. — 
Besides  the  Cerebrum  and  Cerebellum,  there  are  other 
smaller  ganglionic  masses  at  the  base,  the  most  impor- 
tant of  which  are  the  corpora  striata  and  opitic  thai- 
ami  (Fig.  52,  3^  4^  p.  122),  and  each  of  which  must 
play  some  important  part  in  the  nervous  mechanism. 
But  what  that  part  is,  can  in  no  case  be  stated  with 
even  an  approach  to  certainty.  The  hypotheses  are 
numerous  and  contradictory ;  *  but  except  the  share 
which  the  corpora  quadrigemina  have  in  vision,  there 
seems  to  be  no  solid  ground  of  fact  yet  ascertained. 
We  will  therefore  pass  over  these  ganglia,  and  direct 
attention  to  the  third  important  organ  of  the  encepha- 
ion — the  Medulla  Oblongata. 

Although  included  among  the  parts  of  the  Brain,  or 
encephalon,  because  it  is  included  within  the  cavity 
of  the  skull,  and  because  its  columns  pass  into  both 
Cerebellum  and  Cerebrum^  the  Medulla  Oblongata  is 

*  The  latest  I  have  met  with  is  that  of  Dr  Noble,  who  regards  tho 
optic  thalami  and  corpora  striata  as  the  seat  of  emotional  sensibility. 
— The  Human  Mind,  p.  GO. 
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Fig.  53. 


Front  on  under  view  of  the 
Medulla  Oblongata. 
1,  The  Optic  Nerves ;  2,  Crura  Cere- 
bri, or  strands  of  white  matter 
running  into  the  hemispheres  ;  3, 
*■   Pons  Varolii  :  4.  Olivary  Bodies  ; 
5,  Anterior  Pyramids ;  6,  Spinal 
Chord. 

Fig.  54. 


Back  view  of  the  Medulla. 
1,  Section  of  the  Optic  Thalamus  I 
•2,  Corpora  quadrigemiua  ;  *  3, 
Section  of  the  Crura  CmhelU  : 
4.  Fourth  Ventricle ;  5,  Restifonn 
Bodies;  6,  Calamus  Scriptorivs. 


really  and  truly  tlie  upper 
part  of  the  Spinal  Chord,  and 
bears  more  resemblance  to 
the  Spinal  Chord  than  to  any 
portion  of  the  Brain.  This, 
which  is  obvious  on  a  super- 
ficial examination,  becomes 
still  clearer  on  a  microscopic 
investigation;  and  although 
the  point  is  of  little  import- 
ance as  a  matter  of  naming, 
it  will  presently  be  seen  to 
have  considerable  importance 
when  we  come  to  the  inter- 
pretation of  functions.  In 
Figs.  53  and  54  we  see  the 
Medulla  in  its  connections 
with  the  Brain  and  Chord. 

Such  is  the  external  as- 
pect. Eespecting  the  internal 
structure  little  can  here  be 
said,  since  there  is  probably 
no  anatomical  question  which 
can  surpass  it  in  complex- 
ity and  obscurity.  The  stu- 
dent desirous  of  pursuing  the 
subject  will  do  well  to  pre- 
pare himself  by  studying  the 
important  works  noticed  be- 


*  The  two  lower  bodies  are  imperfectly  distinguished  in  the  engraving. 
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low.*  It  will  suffice  for  our  purpose  if  we  cau 
bear  iu  mind  tli.at  the  Medulla  is  really  a  prolon- 
gation of  tlie  Spinal  Chord,  to  which  there  are 
some  additions  both  of  grey  and  white  matter.f 
It  has  ganglionic  masses  peculiar  to  it,  named  the 
Olivary  bodies  (Fig.  53,  4).  It  has  also  a  great 
variety  of  commissural  fibres,  by  means  of  which 
an  immense  variety  of  actions  are  co-ordinated.  Sen- 
sory nerves  and  motor  nerves  issue  from  it ;  but  these 
do  not  display  the  symmetry  of  arrangement  noticed 
in  the  nervous  pairs  issuing  from  the  Chord.  It  is 
also  the  ganglionic  centre  for  the  nerves  of  Hearing 
and  Taste. 

If  we  now  ask  what  are  the  functions  of  this  com- 
plex part  of  the  EnceiDhalon,  we  shall  find  that  the 
ever-recurring  question  as  to  whether  the  Brain  is  or 

*  The  two  works  of  Stilling  ( Veher  die  Medulla,  1843,  and  Ueber 
den  Bern  des  Hiruknotens,  1846),  form  the  storehouse  whence  succeeding 
writers  have  gratefully  drawn  their  chief  matei-ials,  the  only  consider- 
able additions  being  due  to  Schrcedeb  van  der  Kolk  {Bau  und 
Fiinctionen  der  Aledtdla  Spinalis  und  Oblongata);  and  Lockhaht 
Clarke  {Philosophical  Transactions,  1858),  whose  admirable  researches 
have  been  duly  appreciated  by  the  few  persons  in  Europe  competent 
to  estimate  them.  In  citing  the  last-named  anatomist,  I  cannot 
here  forbear  acknowledging  how  much  I  owe  to  the  readiness  with 
which  he  initiated  me  into  his  method  of  making  microscopic  j)repara- 
tions. 

•f*  "  It  is  well  known  that  in  the  spinal  chord  the  columns  of  white 
and  grey  substance  are  parallel  to  each  other,  and  preserve  the  same 
relative  position  throughout  their  entire  course ;  but  in  the  Medulla 
Oblongata  these  parts  not  only  assume  a  different  arrangement,  by 
becoming  more  or  less  blended  with  each  other,  and  with  new  struc- 
tures, but  frequently  pursue  a  curvilinear  direction  in  diflorent  planes, 
inclined  at  varying  angles." — Lockhaut  Clarke. 
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is  not  the  exclusive  sensorium,  may  here  receive  consi- 
derable illustration.    We  shall  also  find  that  there  was 
something  more  than  a  mere  question  of  naming  in- 
volved in  the  doubt  as  to  v^^hether  or  not  the  Medulla 
belonged  to  the  Brain.  For  observe,  the  Medulla  is  now 
almost  unanimously  declared  to  be  a  seat  of  sensation 
and  volition.    If,  therefore,  it  be  not  included  in  the 
term  Brain,  there  can  be  no  longer  any  question  as  to 
the  Brain  being  the  exclusive  sensorium  ;  and  if  the 
upper  part  of  the  Spinal  Chord  can  be  a  seat  of  sen- 
sation and  volition,  there  can  be  no  valid  argument 
against  the  evidence  which  proves  that  the  rest  of  the 
Spinal  Chord  is  also  a  sensorial  seat. 

Miiller  says  :  "  It  is  the  seat  of  volition.  The  ex- 
periments of  Flourens  show  that  animals  in  which  the 
cerebral  hemispheres  have  been  removed,  though  in  a 
state  of  stupor,  are  still  capable  of  executing  voluntary 
movements ;  they  have  still  this  power  after  the  re- 
moval of  the  cerebellum  also.  "  *  I  am  not  sure  that 
I  rightly  understand  this ;  but  we  may  suppose  him  to 
mean  that  the  Medulla  is  a  seat  of  volition  ;  that  it  is 
not  the  exclusive  seat,  will  be  evident  when  I  narrate 
my  own  experiments,  which  show  that  animals  manifest 
volition  after  removal  of  the  whole  Brain,  including  the 
Medulla.    Miiller  thus  continues  : — 

"It  is  the  seat  of  the  faculty  of  sensation.  This  is 
not  merely  shovm  by  the  anatomical  fact  that  all  the 
cerebral  nerves,  with  the  exception  of  the  first  and 
second  (olfactory  and  optic),  are  connected  with  it,  or 

*  MijliLER :  Physiology,  i.  828. 
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with  its  prolongations  into  tlie  Brain ;  it  is  ijroved 
also  by  experiment." 

Tlie  reader  is  requested  to  pay  particular  attention 
to  the  passage  just  quoted,  and  to  the  assertion  that 
the  Medulla  must  be  the  seat  of  sensation  because 
nerves  are  connected  with  it.    Schroeder  van  der  Kolk, 
who  also  maintains  that  the  Medulla  and  the  ganglia 
at  the  base  of  the  Cerebrum  constitute  the  sole  senso- 
rium,*  is  more  specific  than  Miiller,  for  he  says  that 
the  Medulla  must  be  "  the  seat  of  Perception,  the  spot 
where  sensory  imp7'essions  become  sensations^'  because 
it  is  there  (as  he  supposes)  that  the  sensory  nerve-fibres 
terminate  in  ganglionic  cells.    Now  I  ask,  if  the  fact 
that  nerves  are  connected  with  ganglionic  centres  is  a 
proof  that  these  centres  must  be  the  seat  of  sensation ; 
how  can  we  deny  that  similar  ganglionic  centres  lower 
down  the  Spinal  Chord,  which  are  similarly  connected 
with  sensory  nerves,  must  also  be  the  seat  of  sensation? 
And  this  question  becomes  still  more  pressing  when 
we  learn,  as  we  shall  presently,  that  the  same  kind  of 
experiments  as  those  which  indicate  the  Medulla 
Oblongata  to  be  a  seat  of  sensation,  no  less  decisively 
indicate  the  Spinal  Chord  to  be  one.  The  only  possible 
answer  which  occurs  to  me  is  this  :  The  nerves  which 
issue  from  the  Medulla  Oblongata,  and  the  ganglia 
above  it,  are  nerves  of  special  sense — namely,  the 
auditory,  gustatory,  olfactory,  and  optic  ;  each  of  these 
nerves,  being  in  connection  with  a  special  apparatus, 
is  capable  of  producing  a  different  effect  from  that  of 

*  SCHIKEDER  VAN  DER  KoLii  :  Bau  und  Functionen,  p.  88. 
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all  Other  nerves.    It  is  only  the  nerves  of  special  sense 
which  can  create  sensation. 

Easy  as  it  is  to  refute  such  an  answer,  I  have  thought 
it  worth  while  to  adduce  it,  because  Logic  irresistibly 
forces  us  to  conclude,  that  unless  sensation  be  the  pro- 
duct of  a  particular  group  of  nerves  and  their  ganglia, 
it  must  be  the  product  of  all  nerves  and  their  ganglia.* 
Unless  some  reason  can  be  shown  why  the  apparatus  of 
Sight,  SmeU,  Taste,  and  Hearing,  has  the  peculiar  privi- 
lege of  awakening  sensation,  the  mere  connection  of  a 
nerve  with  its  ganglion  must  suffice  for  sensation.  Now, 
that  these  special  organs  of  sense  have  no  such  peculiar 
privilege  is  very  evident,  when  we  consider  the  facts. 
Without  here  insisting  on  muscular  sensations  and 
visceral  sensations,  on  the  multitudinous  forms  of  sen- 
sation I  have  grouped  under  the  head  of  Systemic 
consciousness,  it  is  enough  to  refer  to  the  sensations  of 
Touch,  Temperature,  and  Pain.    No  one  will  be  hardy 
enough  to  deny  that  these  are  veritable  sensations;  yet 
these  are  not  capable  of  being  produced  at  aU  by  the 
nerves  of  Sight,  Smell,  or  Hearing.   They  have  no  spe- 
cial apparatus.    There  is  no  one  tactile  nerve  and  tac- 
tile gangUon  :  all  the  skin-nerves  are  nerves  of  toych, 
an  produce  sensations  ;  and  these  sensations,  .there  is 
ample  evidence  to  believe,  are  produced  when  the  whole 
of  the  brain,  including  the  Medulla,  is  removed.* 

This  view  of  the  relation  of  nerves  to  centres,  and 
the  consequent  extension  of  sensation  to  aU  parts  of 

*  The  attempt  to  explain  away  such  evidence,  on  the  Eeflex  Theory, 
will  be  refuted  by-and-by. 
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tlie  cerebro-spinal  axis,  is  not  so  entirely  novel  as 
it  may  at  first  appear.  The  only  real  novelty  is  in 
its  anatomical  precision.  Sir  Charles  Bell,  to  cite 
only  one  example,  had  a  strong  though  dim  convic- 
tion that  it  was  an  error  to  limit  sensation  to  the 
action  of  the  special  senses.  "  It  appears  to  me/'  he 
says,  "that  the  frame  of  the  body,  exclusive  of  the 
special  organs  of  seeing,  hearing,  &c.,  is  a  complex 
organ,  I  shall  not  say  of  sense,  but  which  ministers, 
like  the  external  senses,  to  the  mind ;  that  is  to  say,  as 
the  oro-ans  of  the  five  senses  serve  to  furnish  ideas  of 
matter,  the  framework  of  the  body  contributes,  in 
certain  conditions,  to  develop  various  states  of  the 
mind."*  Although  this  is  very  vag-ue,  and,  because 
of  its  vagueness,  has  found  little  acceptance,  we  see 
that  the  phenomena  had  not  escaped  Bell's  attention. 
As  he  proceeds,  he  becomes  still  more  vague ;  and 
thinks  that  because  a  blow  on  the  eye  will  produce  the 
sensation  of  a  flash  of  light,  which  proves  that  the 
organs  of  the  senses  can  be  exercised  when  there  is  no 
corresponding  outward  impression,  we  can  comprehend 
how  other  organs  of  the  body  may  have  a  relation 
estai)lished  with  the  mind  without  reference  to  out- 
ward impressions.  As  an  anatomist,  it  behoved  him 
to  indicate  by  what  kind  of  mechanism  this  relation 
was  established.  I  have  done  so,  by  referring  to  the 
one  mechanism  which,  in  the  case  of  the  external 
senses,  we  know  to  be  operative — namely,  the  connec- 
tion of  nerves  with  their  ganglia :  wherever  a  nerve 

*  Bell  ;  Tlie  Anatomy  and  Philosophy/  of  Expression,  4th.  edit.  p.  83. 
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excites  a  ganglion,  there  will  be  sensibility.  The 
visceral-nerves  excite  their  ganglia,  the  muscle-nerves 
excite  their  ganglia,  the  skin- nerves  excite  their 
o-auo-lia  and  the  nerves  of  special  sense  excite  their 

too' 

ganglia  :  the  physiological  process  is  in  each  case 
similar,  although  the  sensations  produced  are  neces- 
sarily various.    Bell  seemed  to  be  very  near  the  truth 
at  one  time,  as  may  be  gathered  from  the  foUowing 
passage:— "It  is  a  singular  fact  in  the  history  of 
physiological  opinions,  that  the  heart,  an  organ  the 
most  susceptible  of  being  excited  by  the  agitations  or 
derangements  of  the  body,  should  have  been  considered 
at  one  time  as  insensible.    And  yet  in  one  sense  it  is 
true  that  it  is  so.    To  actual  touch  the  heart  is  insen- 
sible, as  was  exhibited  to  the  illustrious  Harvey,  in 
the  person  of  a  young  nobleman  who  had  the  heart 
exposed  by  disease.    This  single  circumstance,  had 
there  been  no  other  evidence,  should  have  earlier  di- 
rected physiologists  to  a  correct  view  of  the  matter ; 
from  its  proving  that  the  internal  organs  are  affected 
and  united  by  sensibilities  altogether  different  in  kind 
from  those  bestowed  upon  the  skin.    The  sensibility  of 
the  external  surface  of  the  body  is  a  special  endow- 
ment adapted  to  the  elements  around,  and  calculated 
to  protect  the  interior  parts  from  injury.    But  though 
the  heart  has  not  this  common  sense  of  touch,  yet  it 
has  an  appropriate  sensibility,  by  which  it  is  held 
united  in  the  closest  connection  and  sympathy  with 
the  other  vital  organs."*    Had  Bell  not  shared  the 

*  Bell  :  Anatomy,  and  Philosophy  of  Expression,  p.  86. 
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universal  prejudice  respecting  the  Brain  as  the  exclu- 
sive seat  of  sensation,  such  considerations  would  have 
led  him,  I  think,  to  the  truth. 

In  the  course  of  our  demonstration  that  every 
ganghonic  centre  must  be  a  seat  of  Sensibility,  we 
have  found  that  the  majority  of  physiologists  now 
regard  the  Medulla  Oblongata  as  a  sensational  centre ; 
and  their  reasons  for  so  regarding  it,  both  anatomical 
and  experimental,  we  have  said,  apply  with  equal  force 
to  the  whole  of  the  Spinal  Chord,  of  which,  indeed,  the 
Medulla  is  but  the  upper  part.  Having  elicited  this, 
we  will  now  call  attention  to  another  interesting  hypo- 
thesis which  has  been  advanced  respecting  the  Medulla. 

IV.  Is  THEEE  A  Vital  Point  ? — It  has  been  demon- 
strated that  the  Medulla  Oblongata  is  the  centre  for 
the  nerves  of  Eespiration.  The  various  actions  in- 
volved in  speech,  in  swallowing,  sneezing,  &c.,  are  also 
co-ordinated  here.  It  is  because  the  actions  concerned 
in  Respiration  have  their  centre  here,  that  any  other  part 
of  the  spinal  axis  may  be  destroyed  without  destroying 
life  ;  but  destruction  of  the  Medulla  in  mammals  has 
been  known,  since  the  time  of  Galen,  to  bring  with  it 
instantaneous  destruction  of  life.  This  fact  was  lighted 
up  with  sudden  interest  when  Flourens  announced  that 
he  had  discovered  a  particular  spot,  a  mere  point,  the 
extirpation  of  which  caused  instant  death.  He  called 
this  the  nosud  vital,  or  vital  point,  because  every  other 
part  of  the  organism  might  be  removed  without 
death. 

VOL.  II.  .  L  • 
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In  that  part  of  the  grey  substance  of  the  Medulla 
called  the  "  floor  of  the  fourth  ventricle,"  and,  because 
it  is  shaped  like  a  V,  called  the  calamus  scriptorius 
(nib  of  the  pen),  there  is  a  smaller  v  to  be  seen  (Fig.' 
54,  6,  p.  138).    The  point  of  this  second  V,  not 
larger  than  a  pin's  head,  is  the  "  vital  point,"  according 
to  Flourens.   When  experiment  had  verified  the  asser- 
tion that  death  instantly  followed  the  destruction  of 
this  point,  physiologists  quickly  perceived  that  the 
explanation  of  the  fact  was  not  that  here  life  had  its 
special  centre,  but  that  here  was  the  special  centre  for 
the  co-ordination  of  the  breathing  mechanism.  Indeed, 
the  fact  that  reptiles  will  live  for  months  without  their 
heads,  sufficed  to  disprove  this  notion  of  a  "vital 
point." 

Since  this  passage  was  originally  written,  I  have 
learned  that  the  very  fact  upon  which  Flourens  rests 
his  hypothesis,  is  not  correctly  conceived  by  him. 
Schiff  and  Brown-Sdquard  have  both  removed  this 
"  vital  point "  without  destroying  life— the  animal  con- 
tinuing to  breathe  and  live  for  five  or  six  days.  Their 
conclusion  is,  that  when  extii'pation  of  the  point  causes 
death,  it  is  because  of  the  irritation  of  the  neighbour- 
ing parts  in  the  Medulla  suddenly  checking  the  action 
of  the  heart.* 

v.  Influence  of  one  Centbe  on  another — The 
reader  will  perhaps  have  felt  some  surprise  in  learning 

•  Schiff  :  Lehrhich  der  Physiol.,  i.  323.  Brown-Se'quabd  :  Journal 
de  la  Physiol.,  i.  217.  ct  seq. 
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that  the  irritation  of  a  nerve-centre  arrests,  instead  of 
excitino-  the  action  of  the  heart.  The  fact  is  indubit- 
able,  whatever  may  be  the  explanation.  The  heart,  as 
we  formerly  learned  (vol.  i.  p.  332),  possesses  its  own 
independent  ganglia,  in  virtue  of  which  it  continues 
pulsating  long  after  death,  and  even  after  removal  from' 
the  body.  But  if  the  pneumogastric  nerves  be  galvan- 
ised, these  nerves,  although  they  send  filaments  to  the 
heart,  will  not  cause  the  heart  to  beat  faster — they 
will  arrest  its  beating.  This  was  first  shown  in  an 
experiment  devised  by  Weber.  He  transmitted  an 
electric  current  through  the  pneumogastric,  and  the 
heart  suddenly  stopped  ;  after  allowing  it  to  resume 
its  beats  till  they  reached  the  normal  rapidity,  he 
again  stopped  them  by  another  current.* 

That  which  is  effected  by  the  electric  current  may  be 
effected  by  irritation  of  the  Medulla  Oblongata.  The 
galvanic  stimulus  acts  in  the  same  way  as  the  stimulus 
of  the  nerve-centre.  There  is  one  point,  however,  to 
which  especial  attention  should  be  called.  Although 
the  electric  current  arrested  the  beating  of  the  heart,  in 
the  experiments  just  noticed,  it  would  have  quickened 
the  pulsation  had  the  current  been  slighter.  The  same 
phenomena  will  follow  a  powerful  and  a  moderate  ex- 
citement of  the  Medulla  :  the  powerful  excitement 
arresting,  and  the  moderate  accelerating,  the  pulsations. 

*  This  experiment  has  since  been  repeated  in  various  ways.  See 
EcKHARD,  Beitrage  zur  Anatomie  und  Physiologic,  p.  147.  Longet 
failed  when  he  tried  the  experiment,  owing  to  an  incorrect  application 
of  the  method. 
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Hence  it  is  that  sudden  deatli  may  result  from  the 
"  shock  "  of  grief  or  of  joy.  Hence  it  is  that  a  strong 
emotion  makes  the  heart  palpitate.  Every  one  knows 
the  effects  of  a  burst  of  strong  emotion  :  there  is  a 
momentary  cessation  of  the  pulse,  followed  by  an  agi- 
tation :  at  first  om'  "  breath  is  taken  away,"  and  then 
we  shout,  or  cry,  or  tremble.  Some  faint  under  a 
powerful  shock  ;  others  die. 

While  noticing  this  influence  of  the  Medulla  on  the 
heart,  we  must  not  omit  to  mention  the  important  fact 
that  pain  diminishes  the  heart's  action.    Indeed,  pain 
will  sometimes  cause  death  in  this  way.    When  pa- 
tients die  under  an  operation,  it  is  seldom  from  the 
loss  of  blood ;  it  is  from  the  effect  of  pain  on  the  heart's 
action,  combined  with  the  previous  weakening  effect  of 
the  hemorrhage.   This  has  been  proved  by  experiment. 
On  the  other  hand,  Wilson  Philip  found  that  when  a 
rabbit  had  been  stunned  by  a  blow  on  the  head,  its 
Medulla  might  be  destroyed  without  an  arrest  of  the 
heart  ensuing.*    Claude  Bernard  also  found  that  if 
rabbits  were  rendered  insensible  by  etherisation,  their 
Medulla  could  be  destroyed  without  destroying  life ; 
whereas,  if  the  Medulla  be  even  irritated  without  pre- 
vious etherisation,  death  inevitably  ensues  from  cessa- 
tion of  the  heart's  action.f    The  immense  importance 
of  chloroform,  and  other  anaesthetic  agents,  in  severe 
operations,  is  thus  made  physiologically  apparent. 

*  Wilson  Philip:  Experimental  Inquiry  into  tlie  Laws  of  the  Viial 
Functions,  1817,  p.  72. 
t  Claude  Beenard  :  Systeme  Nervevx,  i.  384. 


SUMMARY. 


149 


It  is  a  consequence  of  the  wonderful  complexity  of 
oui'  organism,  in  which  each  part  plays  on  another, 
that  remote  and  unsuspected  influences  produce  im- 
portant results.  Mental  agitation  will  suddenly  arrest 
or  increase  the  secretions  ;  imperfect,  or  too  abundant, 
secretion  will  depress,  or  confuse  the  mind.  An  idea 
will  agitate  the  heart,  and  disturb  the  liver ;  a  languid 
liver  will  disturb  the  serenity  of  the  mind ;  a  worm  in 
the  intestine  will  produce  melancholy,  and  even  mad- 
ness.— So  indissolubly  is  our  mental  life  bound  up 
with  our  bodily  life. 

VI.  Summary  or  the  Functions  of  the  Beain. — 
We  have  now  gone  over,  one  by  one,  the  cardinal  facts 
which  have  been  ascertained  respecting  the  functions 
of  the  various  parts  of  the  Brain ;  and  these  are  the 
chief  results  to  which  the  inquiry  has  led  :— 

1.  All  the  ganglionic  masses  have  one  property  in 
common,  which  is  Sensibility  ;  and  they  differ  only  in 
their  functional  manifestation  of  this  property,  accord- 
ing to  their  connections  with  different  organs. 

2.  The  Cerebral  hemispheres  have  the  functions  of 
Intelhgence  and  Emotion.  Probably  also  some  other 
functions. 

3.  The  Cerebellum  has  functions  which  remain  at 
present  undetermined. 

4.  The  Medulla  Oblongata  has  the  functions  of  min- 
istering to  the  respiratory  and  many  other  reflex 
actions.  The  special  senses,  Hearing  and  Taste,  have 
their  centres  in  this  organ  ;  as  Sight  and  SmeU  have 
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their  centres  in  the  corpora  quadiigemina  and  olfac- 
tory lobes* 

5.  Inasmuch  as  all  these  centres  have  Sensibility, 
they  must  aU  be  organs  of  the  Mind,  because  they 
must  aU  minister  to  the  general  Consciousness. 

6.  The  facts  and  arguments  which  establish  the  con- 
clusion that  the  Mind  cannot  be  locahsed  in  any  one 
part  of  the  Brain,  such  as  the  Cerebrum,  Cerebellum, 
the  ganglia  at  the  base,  or  the  Medulla  Oblongata,  but 
that  each  of  these  parts  has  its  own  special  functions, 
and  contributes  its  own  special  forms  of  conscious- 
ness, lead  to  the  suspicion  that  other  parts  of  the 
nervous  system  may  also  contribute  other  special  forms 
of  consciousness. 

It  is  this  suspicion  we  shall  examine  minutely  in  the 

ensuing  section. 

*  There  are  grave  doubts  respecting  the  olfactory  lobes,  which  wiU 
be  discussed  in  the  next  chapter  (OuE  Senses  and  Sensations),  but 
for  the  present  we  may  follow  the  doctrine  of  the  schools. 
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THE  MIND  AND  THE  BRAIN. 
SECTION  m. — THE  SPINAL  CHOED  AND  IIS  FUNCTIONS. 

Structure  of  the  Spinal  Chord — Imperfection  of  our  microscopical 
knowledge — Difference  between  an  organism  and  a  mechanism  :  the 
organic  mechanism  is  vital  and  sensitive — Theory  of  Eeflex-Actiou  : 
Marshall  Hall,  Miiller,  and  Prochaska — Error  of  excluding  sensa- 
tion— Grainger's  advocacy  of  the  theorj' — Schrceder's  reflex-fibres — 
Sensation  without  the  brain  :  experiments  on  insects — Marshall 
Hall's  experiments  —  Spontaneous  motion  in  headless  animals  — 
Keflex-action  in  the  Brain — Hydrophobia— Voluntary  and  involun- 
tary actions — What  is  volitional  control  ? — Volition  dependent  on 
sensation — Growth  of  a  volition— Control  over  our  thoughts — Invol- 
untary actions  becoming  voluntary — Spinal  Chord  a  sensational 
centre  :  views  of  earlier  writers  ;  the  deductive  evidence ;  the  in- 
ductive evidence — Evidences  of  spontaneity  and  choice  in  decapi- 
tated animals— Two  centres  of  sensibility  established  in  one  animal — 
Are  walking  and  swimming  reflex-actions  ? — Experiments  on  puppies 
and  rabbits — Examination  of  the  evidence  against  the  sensibility  of 
the  chord — What  share  has  the  Spinal  Chord  in  our  actions  ? 

I.  Steuctuke  of  the  Spinal  Choed— Formerly 
the  Spinal  Chord  (or  Spinal  Marrow,  as  it  is  still 
sometimes  called)  was  held  to  be  a  large  nerve-trunk 
issuing  from  the  brain,  and  giving  off  numerous 
branches  which  supplied  the  body.  Although  this 
idea  is  now  completely  abandoned,  and  the  Chord  is 
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kuowii-  to  be  a  great  centre,  or  series  of  centres,  inti- 
mately connected,  as  tlie  several  vertebrae  are  connected 
into  one  spinal  column,  yet  men  still  cling  unconsciously 
to  some  of  the  old  conceptions,  and  are  disposed  to  re- 
gard the  Chord  as  a  conductor,  rather  than  as  a  centre 
of  Sensibility.    It  is  this  conception  we  must  irrevo- 
cably dismiss  from  our  minds.*  If  the  Chord  seems  to 
act  sometimes  as  a  conductor  only,  it  is  merely  because 
nerve-centres  once  excited  play  upon  each  other  ;  and 
in  this  sense  the  brain  is  also  a  conductor.  Every 
segment  of  the  Spinal  Chord  may  act  separately 
as  an  independent  centre  ;  every  segment  is  a  little 
brain. 

The  Chord  commences  at  that  imaginary  line  where 
the  Medulla  Oblongata  is  supposed  to  end.   It  termin- 
ates in  man  about  the  second  lumbar  vertebra  ;  in 
most  animals  it  extends  along  the  whole  length  of  the 
spinal  column ;  but  there  are  great  varieties  in  this 
respect.    It  is  composed  of  sis  external  columns  of 
white  fibrous  matter — namely,  two  anterior,  two  poste- 
rior, and  two  lateral ;  and  of  four  internal  columns  of 
grey,  ganglionic  matter,  called  respectively  the  two 
anterior,  and  the  two  posterior,  horns  [cornua).  A 
minute  canal  runs  through  the  centre,  which  may  be 
regarded  as  a  prolongation  of  the  fom'th  ventricle  of 
the  brain. 

*  It  seems  to  me  that  the  recent  experiments  of  Schiff,  Bkown- 
SeQUABD,  and  others,  which  have  excited  so  much  discussion,  and 
which  attempt  to  determine  the  conductibility  of  different  parts  of 
the  chord,  are  all  vitiated  by  this  initial  niist^ike. 
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Fig.  55  represents  the  anterior  and  posterior  aspects 
of  the  Chord  with  the  double  origin  of  its  nerves. 

As  we  are  not  here  called  upon  to  understand  the 
whole  anatomy  of  this  organ,  further  details  would  be 
superfluous.  The  student  will  find  ample  information 
i:i  the  works  named  below.* 


Fig.  55. 


Spinal  Nerves  and  Spinal  Chord. — (After  Bernard.) 
1,  Anterior  view ;  2,  Posterior  view.  A  is  tlie  anterior  root  of  the 
ner\'e,  and  P  the  posterior  root.  One  pair  in  eacli  flgiu'e  is  represented 
with  the  division  made  below  tlie  ganglion  (g).  The  other  pairs  are 
divided  above  the  ganglion.  At  c  and  d  are  filaments  connecting  two 
posterior  roots.  ■ 

Of  late  years  there  has  been  an  immense  expendi- 
ture of  labour  in  the  attempt  to  unravel  the  microsco- 
pic structure  of  the  Spinal  Chord ;  but  so  excessively 

»  Rolando  ;  Ricerche  anatomiche  sulla  struttura  del  Midollo  Spinale. 
Grainger  :  Observations  on  the  Structure  and  Functions  of  the  Spinal 
Chord.  TovD  a.nd  BovruA's's  Physiological  A7iaiomi/.  Todd:  Anat. 
of  the  Brain,  Spinal  Chord,  and  Ganglions.  Leuret  et  Gratiolet  : 
Anal.  Comparee  du,  Sysleme  Nerveiix,  tome  ii.  Hirschfeld  and 
Leyeille  ;  Nervologie.  Quain's  Anatomy,  edited  by  Sharpey  and 
Ellls. 
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difficult  is  tliis  task,  that  one  may  fear  it  will  be  a 
long  while  before  Physiology  will  be  in  a  condition  to 
base  safe  conclusions  on  the  results  ascertained.  This 
remark  is  especially  addressed  to  students,  as  a  warning 
against  their  being  misled  by  the  confident  and  plaus- 
ible statements  and  deductions  to  be  met  with  in 
modern  works.    I  have  been  led  to  pay  great  attention 
to  this  subject;  and  have  not  only  made  a  vast  quantity 
of  preparations  of  the  chord  of  man,  oxen,  sheep,  pigs 
(adult  and  newly  born),  cats,  kittens,  puppies,  moles, 
rats,  lizards,  frogs,  and  fishes,  many  of  which  have  been 
prepared  according  to  the  various  methods  employed 
by  Stilling,  Kblliker,  Schroeder  van  der  Kolk,  Grati- 
olet,  and  Lockhart  Clarke,  so  as  to  test  the  various 
statements  of  these  authorities  ;  but  I  have  also  had  the 
advantage  of  seeing  some  of  the  best  English  and  Ger- 
man preparations  :  the  result  of  all  this  has  been  the 
conviction,  that  whoever  propounds  an  hypothesis  on 
the  basis  of  the  facts  hitherto  ascertained,  is  in  danger 
of  building  on  a  sandbank.* 

A  transverse  section  of  the  Chord,  if  sufficiently 
thin,  and  rendered  properly  transparent  by  any  of  the 
accepted  modes  of  preparation,  presents  the  appearance 
indicated  in  Figs.  56,  57,  58. 

*  KOLLIKER,  in  his  last  edition,  expresses  the  same  scepticism. 
His  words  read  Uke  a  sarcasm  against  Schroder  tan  der  Kolk, 
whose  confidence  is  astonishing,  and  whose  published  figures  repre- 
sent, I  ventui-e  to  say,  what  he  imagines,  not  what  can  be  seen. 
This  will  be  evident  to  any  one  who  adopts  the  method  prescribed 
by  SCHRCEDER  ;  stUl  more  so,  when  we  find  that  anatomist  giving  up 
his  method  in  favo\ir  of  Lockhart  Clarke's,  which  most  certainly 
does  not  show  what  Schuceder  represents. 
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Fig.  56. 


Transverse  Section  of  Spinal  Chord  in  Man  (Cervical  region). 

a.  Fissure  of  the  anterior  columns ;  6,  Fissure  of  the  posterior 
columns.  The  central  masses  are  the  anterior  and  posterior  horns  of 
grey  matter. 

Fig.  57. 


Transverse  Section  of  the  Spinal  Chord  (Dorsal  region). 
Fig.  58. 


Transverse  Section  of  the  Spinal  Chord  (Lumbar  region.) 
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These  figures  are  copied  from  Gratiolet's  Atlas.  By 


Fip-.  .19. 


way  of  comparison,  we  may 
consider  Fig.  59,  wHch  is 
copied  from  Kolliker,  and  re- 
presents one-half  of  a  section 
made  in  the  lumbar  enlarge- 
ment of  a  child's  chord. 

Having  made  ourselves  ac- 
quainted with  these  aspects  of 
the  internal  structure,  we  may 
look  a  little  closer  at  the 
groups  of  large  ganglionic  cells 
''"c^h^oTdTk  l^X".B  VuXr  to  be  found  in  the  anterior 
^^eioii)-        .  T^Qj,jjg  of  grey  matter.  They 

a,  Koot  of  anterior  nerve  enter- nui  lis  uj.   gx'-j  j 

i7aM?Tcent»f  A^^^^  Vary  considerably  in  shape  and 
tJ^'^t^Ztrv^liZiT^^  size.    A  general  idea  may  be 

entering  the  posterior  horn  of  grey  -ii<-  an 

matter.  gained  from  r  ig.  W. 

Fig.  60. 


Nerve-Cells  from  Spinal  CHORD.-(After  Gratiolet.) 

These  ganglionic  cells  are  identical  with  those  found 
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in  the  brain  ;  bnt  because  they  are  larger  than  tlie 
majority  of  those  found  in  the  posterior  horn,  they  have 
been  supposed  to  be  motor-cells,  by  a  logical  process 
not  very  admirable,  as  it  seems  to  me.  The  anterior 
roots  of  the  nerves  are,  as  you  know,  held  to  be  motor 
only;  the  posterior  roots  sensory.  We  have  already 
seen  that  this  is  a  misconception  ;  but  even  on  the  sup- 
position that  it  is  correct,  we  shall  need  some  other 
evidence  for  believing  that  the  anterior  horn  of  grey 
matter  is  therefore  motor.  The  notion  seems  to  me 
entirely  baseless.  Still  less  can  I  accept  the  notion  of 
Jacubowitch  that  the  largest  cells  are  motor,  those  of 
the  second  size  sensory,  and  the  smallest  sympathetic. 
What  may  be  seen,  or  imagined,  in  preparations  which 
are  imperfectly  transparent,  must  yield  to  what  is 
seen  in  preparations  made  on  a  better  method,*  and 
so  transparent  that  one  may  read  such  characters  as  in 
a  well-printed  book.  In  such  sections  I  affirm  that  so  far 
from  there  being  any  necessary  connection  between  large 
cells  and  the  motor  function,  there  is  no  constancy 
whatever  as  to  size.  In  the  ganglia  of  two  indubitable 
motor-nerves — the  spinal  accessory  and  the  hypoglos- 
sus — the  size  varies  greatly.  In  the  posterior  horn 
there  are  not  only  large  cells t  (less  abundant,  indeed, 

*  See  note  at  the  conclxision  of  this  chapter. 

t  Bidder  and  Kuppfer  deny  the  existence  of  these  cells  in  the 
posterior  horn.  The  same  denial  is  made  by  Owsjannikow  :  De 
Medullw  spinalis  textura,  p.  37  ;  and  by  Metzler  :  De  Medullce  spinalis 
avium  textura,  p.  30,  who  declares  that  what  have  been  mistaken  for 
nerve-cells  are  nothing  but  lacunse  in  the  web  of  connective  tissue. 
In  LocKHART  Clarke's  preparations,  and  in  my  ovra,  the  cells  are 
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than  in  tlie  anterior),  but  the  largest  cell  I  have  ever 
seen,  was  one  with  seven  processes  in  the  posterior  horn 
of  an  ox.  And  while  there  are  large  ceUs  in  the  poste- 
rior, there  are  abundance  of  small  cells  in  the  anterior 
horn.  Indeed,  the  idea  of  properties  so  widely  separ- 
ated, as  Sensibility  and  Motility,  being  dependent  on 
slight  differences  in  the  size  of  identical  cells,  is  emin- 
ently unphilosophical. 

But  we  must  pause  no  longer  on  this  microscopic 
structure  ;  *  we  have  ascertained  that  the  spinal  chord " 
is  a  series  of  centres,  having  ganglionic  substance  in  its 
interior,  which  is  in  connection  with  the  roots  of  the 
motor  and  sensory  nerves.     In  a  word,  it  has  the 
essential  characters  of  a  series  of  ganglia  ;  and  minute 
investigation  discloses  that  these  ganglia  are  essentially 
similar  to  those  of  the  Brain.    We  shall  never  under- 
unmistakable,  and  their  well-defined  nucleus  prevents  any  possibility 
of  doubt.    From  this  one  statement  it  is  certain  that  the  preparations 
of  the  Dorpat  School  must  be  very  inferior  in  distinctness  to  ours ; 
yet  these  writers  profess  to  see,  and  they  give  drawings  of,  appear- 
ances which  can  by  no  means  be  made  out  in  our  preparations ;  whence 
it  is  easy  to  conclude  that  they  describe  what  they  imagine  to  be  the 
real  structure,  not  what  can  positively  be  seen. 

,*  The  student  is  referred  to  BtDDEK  und  KUPPFER  :  Uniersuchungen 
uber  die  Textur  des  Riickenmarh,  and  KoLLIKER's  reply  in  the  ZeU- 
schrift  fur  Wissenschafiliche  ZooUgie,  ix.  1  ;  also  KoLLIKER  :  Ge- 
loehelehre,  3d  edit. ;  Leydig  :  Histologic  ;  Lockhart  Clarke  :  Philos. 
Transactio7is,  1851  and  1853  ;  Lenhossek  :  Annales  d£s  Sc.  Nat,  1857, 
vii.  ;  Leuret  et  Ghatiolet  :  Anat.  Camp.,  ii.  ;  Schroedeb  van  der 
Kolk:  Bau,  und  Funciionen  der  Med.  Spinalis  und  Med.  OUongaia; 
Owsjannikow  :  De  Med.  spin.  iexUira;  Mkxzler  :  De  Med.  spin, 
avium  texiura.  Stilling' S  last  work  I  have  not  seen  ;  but  it  is  said 
to  be  the  most  enoyclopffidic  treatise  yet  produced. 
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stand  the  functions  of  the  nervous  system  unless  we 
fix  firmly  in  our  minds  the  conception  of  the  cerebro- 
spinal axis  as  one  whole,  the  functions  of  the  various 
parts  differing  from  each  other,  only  as  they  are  differ- 
ently related  to  the  rest  of  the  organism.  Bergmann 
and  Leuckart  do  not  hesitate  to  define  the  "  brain  as 
the  anterior  enlargement  of  the  spinal  chord  ;  "  and  this 
definition,  they  remark,  makes  it  less  paradoxical  to 
find  the  brain  so  slightly  developed  in  the  lower  verte- 
brate animals,  and  not  existing  at  all  in  the  Amphioxus.* 
In  the  invertebrate  animals,  there  can  be  no  shadow  of 
doubt  that  the  ganglia  which  represent  the  brain  of 
:  higher  animals  are  absolutely,  and  in  all  respects, 
;  identical  with  the  other  ganglia,  which  represent  the 
:  spinal  chord. 

But  our  attention  is  now  demanded  by  the  important 
(  qu'estions  raised  respecting  the  functions  of  the  Spinal 
I  Chord.  The  chief  of  these  functions  (by  most  writers 
I  regarded  as  the  sole  function)  is  the  production  of 
1  movements  in  the  trunk  and  limbs.  These  movements 
1  may  either  be  produced  in  obedience  to  the  mandates 
( of  the  Brain — as  in  voluntary  motions  ;  or  independ- 
t  ently  of  the  Brain — as  in  involuntary  motions,  which 
t  take  place  by  what  is  called  the  Eeflex-Action  of  the 
i  chord. 

II.  The  Vital  Mechanism.— What  is  meant  by 
I  Reflex- Action,  and  what  is  the  Eeflex-Theory,  so  con- 

*  Beugmaxn  iMicZ  Leuckart  :  Vergldchende  Anatomie,  p.  515.  Com- 
pare also  Todd  :  Anat.  of  Brain  and  Spinal  Chord,  pp.  2,  77. 
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tinually  invoked  by  modern  writers?    Several  times 
abeady  we  have  been  forced  to  use  these  terms  ;*  and 
now  we  have  reached  a  stage  in  our  inquiry  when  a 
distinct  understanding  of  them  becomes  indispensable. 
But  inasmuch  as  the  Eeflex-Theory  implies  the  con- 
ception of  the  animal  organism  being  to  a  great  extent 
a  mechanism;  and  further,  inasmuch  as  our  ordinary 
conception  of  a  mechanism  carries  with  it  the  idea  of 
actions  performed  unconsciously,  without  sensation  ;  it 
is  absolutely  necessary  that  we  should  accurately  de- 
termine the  sense  in  which  we  are  to  use,  and  under- 
stand, such  a  phrase  as  "  the  vital  mechanism." 

The  results  of  scientific  investigation  during  many 
centuries  have  been  graduaUy,  and  of  late  rapidly, 
tending  to  the  conclusion  that  the  animal  organism  is 
constructed  on  principles  analogous  to  those  which 
determine  the  construction  of  a  mechanism.    It  acts 
like  a  mechanism  ;  and  differs  from  one,  only  in  the 
greater  complication  of  its  parts  and  its  effects.  On 
the  other  hand,  many  persons  feel  a  very  natural  re- 
pugnance to  such  a  conception.    Life  seems  to  them 
the  antithesis  to  mechanical  action  ;  the  very  notion  of 
a  mechanism  is  not  that  of  life,  but  of  a  simulacrum  of 
life     Without  life,  the  organism  is  without  action. 
We  cannot  imagine  the  watch  performing  its  actions 
prompted  by  any  sensation ;  we  cannot  imagine  the 
organism  performing  its  actions  without  hfe.    This  is 
the  source  of  the  repugnance,  often  felt,  against  con- 
ceiving the  organism  as  a  mechanism;  but  this  re- 

*  See  the  explanation  given  at  p.  55-59. 
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piTgnance  will  subside,  if  we  reflect  on  the  wonderful 
adjustment  of  part  to  part,  in  a  complicated  whole,  and 
compare  it  with  the  somewhat  similar  adjustments  of 
a  mechanism  ;  bearing  in  mind  that  this  similarity  is 
not  sam6ness,  and  that  the  organism,  although  a  me- 
chanism, is  a  vital  mechanism,  this  vitality  being  the 
source  of  profound  difterences.    Some  theorists  have 
overlooked  the  important  element  of  vitality  ;  and  have 
imagined  that  a  vital,  sensitive  machine,  can  act  lilie  an 
ordinary  piece  of  mechanism,  which  is  not  sensitive ; 
but  this  error  should  not  force  us  to  give  up  a  very 
usefid  analogy.     We  may  still  cling  to  the  fact  that 
the  adjustments  of  the  complex  organism  determine 
its  activities  :  the  muscles  set  moving  by  a  peculiar 
stimulus,  are  as  necessarily  determined  by  their  or- 
ganic adjustments,  as  the  wheels  of  a  watch  are  set 
moving  in  a  particular  way,  and  are  determined  in 
their  particular  action  by  the  peculiarity  of  their  ad- 
justments.   When  a  stimulus  to  the  respiratory  nerves 
brings  into  play  the  group  of  muscles  which  expand 
the  chest,  and  these,  in  turn,  bring  into  play  the  group 
which  contracts  the  chest— when  the  stimulus  of  food 
to  the  nerves  of  the  alimentary  canal  determines  the 
action  of  the  digestive  mechanism,  muscidar  and  secre- 
tory—when the  stimulus  of  pain  sets  going  the  actions 
of  flight,  struggle,  or  shrieking,— we  have  a  series  of 
actions    which   are  mechanical,  inasmuch  as  they 
depend  on  the  adjustment  of  parts,  like  the  adjustment 
of  cogged  wheels  ;  and  are  vital,  inasmuch  as  they 
depend  on  vitality  for  their  performance.     With  this 
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quaUfication,  tlie  idea  of  a  mechamcal  construction 
becomes  important.    We  perceive  how  the  various 
actions  of  an  animal  are  dependent  on  the  adjustment 
of  its  organs.     Once  set  this  mechanism  going,  and  it 
can  only  act  in  the  determinate  direction  permitted  to 
its  peculiar  adjustments ;  and  in  so  far  it  acts  like 
a  watch,  or  a  steam-engine.    The  organism  of  the 
chick  is  so  adjusted  that  it  can  peck  up  the  grains  ; 
and  it  does  so  immediately  the  stimulus  given  to  its 
sensational  centre,  through  the  optic  apparatus,  sets 
going  the  first  of  the  necessary  movements.     It  will 
do  this  as  soon  as  it  leaves  the  shell,  or  even  before  it 
leaves  the  shell.    In  like  manner  the  Snapping  Turtle, 
according  to  Agassis,  snaps  as  fiercely  when  it  is  still 
a  colourless  and  undeveloped  embryo,  wrapped  up  m 
the  foetal  membranes,  as  it  does  in  after-life.  This 
surprises  us  at  first,  because  we  are  accustomed  to 
attribute  such  actions  to  "a  conscious  and  voluntary 
effort     On  getting  over  our  surprise,  and  learnmg  to 
regard  these  actions  not  as  prompted  by  any  distinct 
ideas,  but  simply  as  the  results  of  an  organism  pecu- 
liarly constructed  to  act  in  this  way-what  we  have  to 
guard  against  is  the  error  of  those  who,  fixing  their 
attention  on  the  mechanical  adjustment,  overlook  he 
fact  of  the  sensational  guidance.    It  is  true  that  the 
animal  mechanism,  when  set  going,  acts  like  the  me- 
chanism of  a  watch  ;  but  to  set  it  going,  and  to  keep  it 
aoinc.,  there  is  needed  the  constant  presence  of  sensa- 
tion    This  has  been  frequently  forgotten,  and  even 
denied    The  mechanism  has  been  credited  mth  the 
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whole  phenomenon.    That  sensation  is  a  necessary  imrt 
of  the  mechanism — the  mainspring  of  the  watch — the 
fuel  of  the  steam-engine — seems,  singularly  enough,  to 
have  been  overlooked.     The  marvellous  way  in  which 
the  sensational  element  is  bound  up  with  the  mechani- 
cal element,  so  that  our  very  sensations  may  be  said  to 
be  organised  in  us,  is  illustrated  in  a  thousand  examples 
of  what  are  called  "automatic  actions."    A  piece  of 
music  with  which  we  are  familiar  may  be  performed 
"  mechanically,"  without  any  "  effort "  or  "  attention  ;  " 
indeed,  whUe  we  are  talking  to  some  one,  or  think- 
ing of  something  else.    This  we  are  said  to  do  "  un- 
consciously ;  "  and  if  Consciousness  be  restricted  to 
Thought-Consciousness,  there  is  no  objection  to  calling 
these  automatic  actions  unconscious  ;  but  there  is  every 
objection  to  calling  them  actions  independent  of  sensa- 
tion. The  sensations  excited  by  each  note,  and  determin- 
ing each  movement  of  the  muscles,  are  indispensable 
to  the  performance  of  music  ;  the  presence  of  guiding 
sensations  suffices ;  but  without  this  presence,  the  action 
is  impossible.     Although  the  mechanism  of  the  fowl, 
whose  cerebrum  has  been  removed,  is  uninjured  except 
as  regards  one  of  its  sensational  centres,  this  mechanism 
will  not  suffice  to  keep  the  bird  from  starvation  amidst 
heaps  of  grain ;  because  to  set  going  the  necessary  train 
of  actions  which  would  result  in  pecking,  there  is 
needed  the  stimulus  from  the  cerebral  centre.    If  the 
grains  be  placed  within  the  beak  of  this  bird,  they  will 
not  be  swallowed,  unless  they  roll  near  the  sensitive 
part  of  the  throat,  and  then,  the  stimulus  of  the  sensa- 
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tion  being  given,  the  swallowing  actions  are  set  going, 
and  on  these  follow  the  digestive  actions.  The  theorists 
whom  I  have  chiefly  in  view  at  present,  deny  that 
swallowing  depends  upon  sensation— they  callit  simple 
reflex-action  ;  an  opinion  which  we  shall  presently 
examine.  Enough,  in  this  place,  if  we  have  made  clear 
to  ourselves  the  follovsdng  positions  : — 

An  organism  is  a  mechanism,  and  acts  mechanically, 
inasmuch  as  its  actions  are  necessarily  determined  by 
the  adjustment  of  its  organs.    But  the  organism  diggers 
from  the  mechanism  in  being  vital,  in  having  SensibiUty 
as  its  mainspring  ;  and  its  actions,  which  are  cafled 
mechanical  or  automatic,  are  all  determined  by  the 
impulse  of  guiding  sensations.    It  further  differs  from 
a  mechanism  in  its  development  of  new  adjustments 
and  new  capabilities.     No  machine  has  any  self- 
development.    What  its  parts  could  perform  last  week, 
they  perform  this  week,  and  no  more.   But  the  organism 
develops.    New  adjustments  are  formed,  so  that  a 
combination  of  actions,  which  to-day  is  impossible,  wiU 
become  easy,  perhaps,  at  the  end  of  a  month.    I  do 
not,  however,  conceive  it  to  be  rational  to  suppose  that 
a  group""  of  muscles  which  originally  required  the 
stimulus  of  a  nerve-centre,  as  a  guiding  sensation,  to 
move  them,  will  at  any  time  move  without  that 
stimulus ;  although  it  is  very  conceivable  that  the 
secondary  sensations  which  the  movements,  when  they 
were  difficult,  necessarOy  excited,  should  frequently  be 
absent,  now  the  movements  are  so  easy  that  they  claim 
no  attention.    I  can  conceive  the  possibility  of  having 
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a  sensation  without  thinking  of  it,  and  I  can  conceive 
automatic  actions  to  be  determined  by  guiding  sensa- 
tions, althougli  tlie  mind  may  not  be  "  conscious of 
them. 

III.  The  Theoey  of  Eeflex-Action. — The  mus- 
cular movements  have  from  time  immemorial  been 
grouped  under  two  heads  :  the  voluntary,  and  involun- 
taiy.  We  shall  have  to  consider  the  nature  of  this 
distinction  presently,  but  must  now  inquire  into  that 
principle  of  Eeflex-Action  which,  I  conceive,  underlies 
all  the  nervous  phenomena,  but  which  Marshall  Hall 
conceived  was  characteristic  of  only  a  particular  class. 
There  were,  he  thought,  four  distinct  classes:  the 
voluntary,  dependent  on  the  brain  ;  the  invohmtary, 
dependent  on  the  irritability  of  the  muscular  fibre  ;  the 
respiratory,  wherein  the  motive  influence  passes  in  a 
direct  line  from  one  point  of  the  nervous  system  to 
certain  muscles ; "  and  the  reflex,  dependent  on  the 
"  true  spinal  system  "  of  incident-excitor  nerves,  and 
of  reflex-motor  nerves.  These  last-named  actions  are 
produced  when  an  impression  on  the  sensitive  surface 
is  conveyed,  by  an  excitor-nerve,  to  the  spinal  chord, 
and  is  there  reflected  back  on  the  muscles  by  a  corre- 
sponding motor-nerve.  In  this  process  no  sensation 
whatever  occurs.  The  action  is  purely  reflex,  purely  ex- 
cito-motor—like  the  action  of  an  ordinary  mechanism.* 

^  ♦  Marshall  Hall  in  Philos.  Trans.,  1833.  Lectures  on  the  Nervous 
System  and  its  Diseases,  1836.  iVew  Ilemoir  on  tlie  jYervous  System, 
1843. 
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Muller,  who  shares  with  Marshall  Hall  the  glory 
of  having  established  this  classification,  thinks  that 
although  the  absence  of  sensation  is  a  characteristic 
of  the  reflex-actions,  these  actions  may  be,  and  are  at 
times,  accompanied  by  sensation.    "  The  view  I  take 
of  the  matter  is  the  following :  Irritation  of  sensitive 
fibres  of  a  spinal  nerve  excites  primarily  a  centripetal 
action  of  the  nervoas  principle,  conveying  the  im- 
pression to  the  spinal  chord  ;  if  the  centripetal  action 
can  then  be  continued  to  the  sensorium  commune,  a 
true  sensation  is  the  result ;  if,  on  account  of  division 
of  the  chord,it  cannotbe  communicated  to  the  sensorium, 
it  still  exerts  its  whole  influence  upon  the  chord ;  in 
both  cases  a  reflex  motor-action  may  be  the  result."  * 

This  is,  in  brief,  the  Reflex  Theory,  which  Marshall 
Hall  and  MiiUer  have  succeeded  in  making  an  Euro- 
pean doctrine.    There  has  been  much  discussion,  often 
exploding  on  both  sides  into  anger  and  injustice,  re- 
specting Marshall  Hall's  claims  to  originality.  He 
has  been  accused  of  plagiarism  from  Prochaska ;  but 
I  think  that  whoever  attentively  traces  the  history  of 
the  doctrine,  will  find  that  although  Prochaska  un- 
doubtedly described  the  reflex- actions,  and  called  them 
reflex,  long  prior  to  Marshall  Hall— and,  as  it  seems 
to  me,  conceived  the  whole  phenomenon  with  far 
greater  accuracy  than  was  ever  attained  either  by 
Marshall  Hall  or  by  Miiller— yet  it  is  veiy  probable 
that  Marshall  Hall  was  unacquainted  with  his  prede- 
cessor, who  had  long  been  dead,  and  whose  theory  had 

*  Mullek:  Physiology,  i.  721. 
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excited  no  attention  ;  and  it  is  certain  that  the  theory 
propounded  by  Marshall  Hall  was  not  that  propounded 
by  Prochaska,  but  differed  in  essential  points  from  it. 
This,  however,  is  what  neither  Hall  nor  his  adversaries 
seem  to  have  known.  So  entirely  had  Prochaska's 
theory  escaped  attention,  that  even  Miiller,  in  announc- 
ing Hall's  theory,  and  giving  him  the  credit  of  priority 
over  his  own  nearly  contemporaneous  discovery,  never 
once  alludes  to  Prochaska ;  and  Arnold,  in  the  histo- 
rical sketch  in  which  he  enumerates  those  who  before 
Hall  had  knowledge  of  the  facts  of  reflex-action,  is 
evidently  unaware  of  Prochaska's  claims.  *  When, 
therefore.  Hall  and  Miiller  took  up  this  subject,  it  was 
new  to  the  scientific  world  ;  they  succeeded  in  maldng 
the  world  accept  their  theory. 

The  one  fundamental  point  in  this  theory  which 
seems  to  me  wholly  inadmissible,  is  the  supposition 
that  the  reflex-mechanism  is  independent  of  Sensibility 
— that  reflex  -  actions  take  place  without  sensation. 
And,  unless  I  have  wholly  misunderstood  Prochaska's 
general  views,  this  is  the  point  which  he  also  woidd 
have  considered  erroneous.  The  reader  may  be  glad 
to  have  Prochaska's  exposition  of  the  reflex-actions. 
We  must  premise  that  he  always  means  to  indicate  the 
whole  of  the  Spinal  Chord,  Medulla  Oblongata,  Optic 
Thalami,  and  the  crura  Gerebelli  et  Cerebri,  when  he 
speaks  of  the  sensorium  commune  :  "  The  reflexion  of 
sensorial  into  motor  impressions  which  takes  place  in 
the  sensorium  commune,  is  not  performed  according  to 

*  J.  W.  Arnold  :  Die  Lehre  von  der  Reflex  Function,  1842. 
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mere  physical  laws,  wliere  the  angle  of  reflexion  is 
equal  to  the  angle  of  incidence,  and  where  the  re- 
action is  equal  to  the  action  ;  but  that  reflexion  follows 
according  to  certain  laws,  writ,  as  it  were,  by  Nature 
on  the  medullary  pulp  of  the  sensorium,  which  laws 
we  are  able  to  know  from  their  effects  only,  and  in 
nowise  to  find  out  by  our  reason.    The  general  law, 
however,  by  which  the  sensorium  commune  reflects 
sensorial  into  motor  impressions,  is  the  preservation 
of  the  individual ;  so  that  certain  motor  impressions 
follow  certain  external  impressions  calculated  to  injure 
our  body,  and  give  rise  to  movements  having  this 
object,  namely,  that  the  annoying  cause  be  averted  and 
removed  from  our  body ;  and  vice  versa  internal,  or 
motor  impressions  follow  external  or  sensorial  impres- 
sions beneficial  to  us,  giving  rise  to  motions  tending 
to  the  end  that  the  agreeable  condition  shall  be  main- 
tained. 

"Very  many  instances  which  might  be  adduced, 
undoubtedly  prove  this  general  law  of  the  reflexions 
of  the  sensorium  commune,  of  which  it  may  be  sufli- 
cient  to  mention  a  few.  Irritation  being  made  on 
the  internal  membrane  of  the  nostrils  excites  sneezing, 
because  the  impression  made  on  the  olfactory  nerves 
by  the  irritation  is  conducted  along  them  to  the  sen- 
sorium commune,  there  by  a  deflnite  law  is  reflected 
upon  motor  nerves  going  to  muscles  employed  in 
respiration,  and  through  these  prodnces  a  strong  ex- 
piration through  the  nostrils,  whereby  the  air  passing 
with  force  the  cause  of  irritation,  is  removed  and 
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rejected.    lu  like  manner  it  happens  that  -when  irrita- 
tion is  caused  in  the  windpipe  by  the  descent  of  a  par- 
ticle of  food  or  a  drop  of  fluid,  the  irritation  excited 
is  conducted  to  the  sensorium  commune,  and  there 
reflected  on  the  nerves  devoted  to  the  movement  of 
respiration,  so  that  a  violent  cough  is  excited  ;  a  most 
suitable  means  for  expelling  the  cause  of  the  irritation, 
which  does  not  cease  till  the  irritant  be  ejected.    If  a 
friend  brings  his  finger  near  to  our  eye,  although  we 
may  be  persuaded  that  no  injury  is  about  to  be  done 
to  us,  nevertheless  the  impression  carried  along  the 
optic  nerve  to  the  sensorium  commune,  is  there  so  re- 
flected upon  the  nerves  devoted  to  the  motion  of  the 
eyelids,  that  the  eyelids  are  involuntarily  closed,  and 
prevent  the  offensive  contact  of  the  finger  with  the  eye. 
These,  and  innumerable  other  examples  which  might 
be  brought  forward,  manifestly  show  how  much  the 
reflexion  of  sensorial  impressions  into  motorial,  effected 
through  the  sensorium  commune,  has  reference  to 
maintaining  the  conservation  of  the  body. 

"  Since  the  principal  function  of  the  sensorium  com- 
mune thus  consists  in  the  reflexion  of  sensorial  im- 
pressions into  motor,  it  is  to  be  noted  that  this  re- 
flexion may  take  place  either  with  consciousness  or 
without  consciousness." 

We  must  interrupt  the  quotation  here,  to  remark, 
that  when  Prochaska  says  reflexes  may  take  place 
with  or  without  consciousness,  —  or,  to  use  his  own 
phrase,  vel  animd  inscid,  vet  verb  animd  conscid — he 
means  "  with,  or  without,  I'/io^i^f/i^consciousness,"  and 
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not,  as  SO  often  misinterpreted,  "  with,  or  without,  sen- 
sation." This  distinction  entirely  accords  with  the  view 
I  hold,  but  is  different  from  that  generally  held. 

"  The  movements  of  the  heart,  stomach,  and  intes- 
tines," he  continues,  "  are  certainly  in  nowise  depend- 
ent on  the  consciousness  of  the  soul,  for  whilst  no 
muscular  movement  can.  be  excited  unless  a  stimulus 
applied  to  the  sensorial  nerves  passes  by  a  peculiar  re- 
flexion to  the  motor  nerves,  and  excites  contractions 
of  the  muscle,  it  is  at  the  same  time  certain  that  the 
reflexion  of  the  impressions  suitable  for  exciting  those 
movements,  if  it  takes  place  in  the  sensorium  com- 
mune, is  affected  without  consciousness  [Thought-con- 
sciousness].   But  it  is  a  question  whether  these  impres- 
sions, in  order  that  they  may-be  reflected,  do  really 
travel  so  far  as  the  sensorium  commune,  or,  without 
taking  this  long  circuit,  are  reflected  nearer  in  the 
o-ano-lia  from  whence  these  parts  derive  many  nerves  ? 

too  -r-»  1 

This  matter  is  to  be  considered  afterwards.    But  that 
reflexions  of  sensorial  impressions  into  motor  are 
effected  in  the  sensorium  commune  itself,  while  the 
mind  is  altogether  unconscious,  is  shown  by  certain 
acts  remaining  in  apoplectics  deprived  entirely  of  con- 
sciousness ;  for  they  have  a  very  strong  pulse,  breathe 
strongly,  and  also  raise  the  hand,  and  very  often  apply  it 
unconsciously  to  the  part  affected.  The  sensorium  com- 
mune also  acts  independently  of  consciousness  in  pro- 
ducing the  convulsive  movements  of  epileptics,  and  also 
those  which  are  sometimes  observed  in  persons  buried 
in  profound  sleep,  namely,  the  retractions  of  pricked  or 
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irritated  limbs,  to  say  nothing  of  the  motion  of  tlie 
heart  and  the  respiratory  acts.  To  this  category  also 
belono;  all  those  motions  which  remain  some  time  in 
the  body  of  a  decapitated  man,  or  other  animal,  and 
are  excited  when  the  trunk,  and  particularly  the 
medulla  spinalis,  are  irritated,  which  motions  certainly 
take  place  without  consciousness,  and  are  regulated  by 
the  remaining  portion  of  the  sensorium  commune 
existing  in  the  medulla  spinalis."* 

It  is  clear,  from  this  passage,  that  Prochaska,  in 
explaining  the  actions  which  take  place  "  without  con- 
sciousness," did  not  mean  that  they  took  place  without 
sensation ;  he  meant  that  they  were  neither  determined 
by,  nor  followed  by,  thought.  He  uses  the  word  Con- 
sciousness as  equivalent  to  Thinking  ;  and  this  is  a 
very  general  use  of  the  term,  nowadays,  as  we  find  in 
writers  who  declare  that  we  cannot  have  sensations 
unless  we  know,  that  we  have  them.  In  strict  physio- 
logical language,  this  is  tantamount  to  saying  that  we 
cannot  have  spinal  Sensibility  unless  we  have  at  the 
same  time  cerebral  Sensibility — that  the  spinal  chord 
cannot  act  independently  of  the  Brain  ;  whereas  we 
know  that  it  can,  and  does,  act  independently  of  the 
Brain  ;  and  it  is  to  distinguish  such  actions  that  the 
term  "  reflex  "  has  been  invented.  To  suppose,  as  is 
commonly  supposed,  that  the  cerebrum  endows  the 
spinal  chord  with  sensibility — that  an  impression  only 

*  Unzer  and  Prochaska  0»  the  Nervous  System.  Translated  by 
Dr  Latcock,  p.  430-2.  The  ori^nal  may  be  seen  in  Prochaska  : 
Ojpera  Minora,  para  ii.,  cap.  2. 
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becomes  a  sensation  when  it  reaches  the  Brain — is  to 
suppose  what  the  whole  course  of  modem  investigation 
tends  to  refute,  namely,  that  the  spinal  chord  is  simply 
a  conductor,  and  not  itself  a  centre  ;  and  it  is  also  to 
suppose  that  the  Brain  is  essentially  different  from  the 
Chord.  Prochaska  seems  to  have  understood  that  the 
sensorium  must  first  be  called  into  activity  before  a 

•  motion  can  be  produced  ;  the  sensations  excited  in  this 
sensorium  are  quite  independent  of  any  thought  which 

•  they  may,  or  may  not,  excite  in  the  Brain. 

It  is  here  that  Marshall  Hall  diverges  from  Pro- 
chaska, and,  as  I  think,  it  is  here  his  error  begins. 
Yet,  in  common  with  his  antagonists,  he  imagined 
Prochaska  held  reflex-action  to  be  whoUy  divorced  from 
sensation.  His  distinguished  ally,  Mr  Grainger,  whose 
work*  is  far  more  philosophical  than  anything  Marshall 
Hall  ever  wrote,  also  insists  on  this  absence  of  sensa- 
tion as  the  distinguishing  peculiarity  of  reflex-action. 

Mr  Grainger  seems  fully  impressed  with  the  philo- 
sophical canon  to  which  we  have  constantly  referred, 
that  similarity  of  structure  necessarily  implies  similar- 
ity of  properties  ;  but  instead  of  concluding  that  the 
brain  and  spinal  chord,  being  similar  in  structure,  must 
have  sensibility  in  common,  he  assumes  a  diversity  of 
structure  to  correspond  with  an  assumed  diversity  of 
function.  The  Eeflex-Theory,  he  truly  remarks,  wants 
an  anatomical  basis :  "  unless  a  set  of  nerves  distinct 
from  those  of  sensation  and  volition  be  capable  of 

*  Geainqek  :  Olm-vatiom  on  the  Simcture  and  Functions  of  tJie  Spinal 
CM,  1837. 
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demonstration,  it  is  impossible  to  establisli  the  correct- 
ness of  what,  without  such  evidence,  is  merely  an 
hypothesis.".  Accordingly  he  set  himself  the  delicate 
task  of  demonstrating  this  distinct  class  of  nerves. 
Sharing  the  prejudices  of  that  day  against  the  use  of 
the  microscope,  and  refusing  to  use  a  lens  for  fear  of 
deception,  his  task  became  impossible.  In  the  twenty 
years  which  have  since  elapsed,  men  have  learnt  to  use 
the  microscope  with  more  security,  and  in  the  last  ten 
years  they  have  learnt  how  to  make  preparations, 
which,  if  they  have  not  taught  us  the  whole  structure 
of  the  spinal  chord,  must  in  the  course  of  time  lead  to 
accurate  knowledge.  Anatomists  have  long  rejected 
the  supposed  system  of  excito-motory  fibres. 

[While  these  sheets  are  passing  through  the  press, 
I  find  Schroeder  van  der  Kolk,  whose  statements,  as  I 
have  before  hinted,  are  to  be  received  vnth  extreme 
caution,  describes  a  system  of  reflex-fibres,  with  a  con- 
fidence rather  surprising  when  we  scrutinise  his  evi- 
dence. He  maintains  that  each  posterior  root,  on 
entering  the  white  columns  of  the  chord,  divides  into 
two  bundles ;  the  one  bundle,  containing  purely  sensory- 
fibres,  runs  straight  up  to  the  brain  ;  the  other  bundle, 
containing  purely  reflex-fibres,  runs  into  the  grey  matter 
of  the  chord,  where  the  fibres  terminate  in  the  gan- 
glionic cells.  It  is,  he  says,  because  the  posterior  root 
contains  these  two  kinds  of  fibres,  that  it  is  larger  than 
the  corresponding,  anterior  root.  On  this  I  have  to 
remark,  first,  that  the  facts  on  which  this  hypothesis  is 
based  are  excessively  questionable  ;  secondly,  that  the 
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supposed  confirmation  drawn  from  the  larger  size  of 
the  posterior  root  is  worthless,  inasmuch  as  the  fact  is 
only  true  with  rega,rd  to  some  animals — in  the  frog, 
for  instance,  the  posterior  root  is  smaller  than  the  an- 
terior ;  and  finally,  that  if  the  anatomical  facts  were  as 
he  states  them,  his  conclusion  would  not  be  less  rash 
and  hypothetical.    For  let  us  gxant  that  one  fibre 
enters  the  grey  substance  of  the  chord,  and  there 
terminates  in  a  ganglionic  cell,  whereas  another  fibre 
runs  up  to  the  MeduDa  Oblongata,  and  there  termin- 
ates in  a  ganglionic  cell  (which  is  the  real  statement 
of  his  position,  stripped  of  equivocal  language),  what 
difierence,  of  an  essential  kind,  is  here  established,  such 
as  could  justify  the  distinction  of  sensory  and  reflex 
fibres  ?] 

The  anatomical  basis  for  the  Reflex-Theory  is  still 
to  seek.  Indeed,  were  a  distinct  set  of  nerves  to  be 
discovered,  they  must  be  in  connection  with  nerve- 
centres  ;  and  inasmuch  as  the  reaction  of  a  nerve- 
centre  is  Sensibility — inasmuch  as  all  nerve-centres 
must  have  the  same  property,  in  spite  of  any  diS'erence 
in  their  functions, — ^it  is  clear  that  the  reflex-fibres 
would  excite  Sensibility,  if  they  excited  the  centre.* 

*  A  friendly  critic  objects:  "How,  in  this  case,  do  you  explain 
one  nerve-centre  appreciating  only  sound,  and  another  light,  and  an- 
other flavour  ?  Rigorously  interpreted,  your  position  would  involve 
that  all  sensations  are  the  same."  By  no  means ;  my  position  is,  that 
all  sensations  are  forms  of  Sensibihty,  and  then- diflPerences  result  from 
variations  in  the  natui-e  or  degree  of  the  stimulus.  The  same  skin- 
nerve  yields  to  diffei-ent  stimuli  the  very  different  sensations  of  touch, 
warmth,  cold,  tickling,  pressui-e,  pain,  &c.  The  subject  wiU  be 
treated  more  fuUy  in  the  next  chapter. 
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Let  US,  however,  see  what  physiological  observations 
can  be  adduced  in  favour  of  the  reflex-theory. 

"  We  have  lastly  to  inquire,"  says  Miiller,  "  how  far 
true  sensation  is  engaged  in  the  production  of  reflex 
motions.  Volkmann  inclines  to  the  opinion  of  Whytt, 
vthat  the  motions  consequent  on  impressions  are  the 
residt  of  sensations  conveyed  to  the  sensorium,  giving 
rise  to  spontaneous  reactions.  That  this  is  in  many 
instances  the  case,  appears  to  me  indubitable,  particu- 
larly with  those  reflex  phenomena  which  occur  in  an 
unimpaired  state  of  the  brain  and  spinal  chord.  Thus 
I  regard,  for  example,  the  closure  of  the  eyes  under  the 
stimulus  of  a  strong  hght,  and  the  action  of  the  respira- 
tory muscles  induced  by  irritation  of  the  mucous  mem- 
branes of  the  respiratory  organs,  or  intestinal-  canal." 
Note  this  admission,  and  then  consider  the  counter- 
argument he  brings  forward :  "  But  when  we  remem- 
ber that,  if  we  divide  the  trunk  of  a  salamander  into 
several  portions,  each  part,  if  it  contain  a  fragment  of 
the  spinal  chord,  will  still  evidence  the  reflex  motions, 
we  can  scarcely  maintain  the  applicability  of  this  view 
to  all  cases."  * 

Here  the  question  naturally  rises  :  Why  can  we  not 
suppose  the  segments  of  the  chord  to  be  sensitive,  and 
its  actions  to  be  determined  by  sensations,  as  Well 
when  the  brain  is  absent,  as  when  the  brain  is  pre- 
sent? The  only  obstacle  is  in  the  prejudice  respecting 
the  brain  being  the  sole  seat  of  sensation  (compare 
page  84).    But  look  at  the  facts.    We  etherise  a  frog, 

*  Mttller,  720. 
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and  cut  off  its  head ;  after  which  we  divide  its  spinal 
chord,  in  the  region  of  the  back.    We  have  then  two 
segments  of  a  headless  animal.    When  the  effect  of  the 
ether  has  disappeared,  we  pinch,  or  prick,  the  fore-leg, 
and  it  is  at  once  withdrawn ;  we  do  the  same  to  the 
hind-leg,  and  it  is  withdrawn ;  we  irritate  the  pos- 
teriors, and  the  hind-legs  vehemently  push  the  instru- 
ment away.   Another  frog,  also  decapitated,  hops  away 
when  thus  irritated ;  but  this  one,  with  the  divided 
chord,  cannot  hop.    All  these  actions  of  the  decapi- 
tated animal  are,  we  are  told,  purely  reflex,  totally 
without  sensation  ;  "  because  sensation  is  only  possible 
when  the  brain  is  present."    In  the  uninjured  frog 
these  actions  result  from  sensations,  because  the  im- 
pressions on  the  skin  are  conducted  to  the  brain. 
All  this  seems  clear  enough  until  we  extend  our  obser- 
vations.  Let  us  decapitate  a  frog,  and  see  whether  the 
head,  separated  from  the  body,  will  not  exhibit  the 
same  signs  of  Sensibility  which  are  exhibited  by  the 
body  separated  from  the  head.   We  touch  the  eye,  and 
the  eyelid  closes  ;  we  throw  a  strong  light  on  the  eye, 
and  the  pupil  contracts  and  the  lid  closes ;  we  touch 
the  tongue,  or  the  inside  of  the  mouth,  and  the  larynx 
makes  a  motion  of  swallowing.    All  these  are  pre- 
cisely similar  to  what  occurs  in  the  uninjured  frog,  and 
are  clearly  allied  to  the  actions  of  the  headless  trunk ; 
yet  Physiologists  would  have  us  believe  that  these 
actions,  both  of  head  and  trunk,  which  indicate  sen- 
sation when  the  animal  is  entire,  do  not  indicate  sensa- 
tion when  the  head  is  separated  from  the  body ;  they 
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would  have  us  believe  that  the  motions  of  the  eyelid, 
pupil,  and  larynx,  in  the  separated  head,  are  purely 
reflex,  wholly  destitute  of  sensation.  I  confess  this 
seems  to  me  very  arbitrary.  The  headless  trunk  is 
first  said  to  be  incapable  of  sensation,  because  the  brain 
cannot  be  reached  ;  and  then  the  head  itself  is  said  to 
be  incapable  of  sensation,  although  impressions  on 
it  do  reach  the  brain.  Does,  then,  sensation  depend  on 
the  union  of  the  spinal  chord  with  the  brain  ? 

But  however  arbitrary  it  may  seem  to  deny  sensation 
to  the  separated  head,  and  to  consider  its  actions  as 
purely  reflex,  there  is  absolute  necessity  for  such  a  posi- 
tion, if  the  Eeflex- Theory  is  to  be  upheld  ;  because,  if  we 
grant  sensation  to  the  separated  head,  when  we  see  it 
responding  in  the  usual  manner  to  stimuli,  we  can 
have  no  grounds  for  denying  sensation  to  the  separated 
body,  when  we  see  it  responding  in  the  usual  manner 
to  stimuli. 

In  the  numerous  experiments  I  have  made  with  a 
view  to  a  right  understanding  of  this  subject,  those  on 
insects  have  furnished  decisive  examples.  When  a 
wasp  is  cut  in  two,  both  halves  live,  and  manifest  Sen- 
sibility (if  we  assume  that  a  wasp  ever  manifests  it, 
and  is  not  a  mere  machine)  during  three  or  four  days. 
If  you  irritate  one  half — the  head — it  will  bite  ;  if  you 
irritate  the  other  half— the  tail — it  will  sting.  Take 
a  beetle,  such  as  the  large  water-beetle,  Dytiscus  mar- 
ginalis,  and  remove  its  head.  Here  is  one,  which 
was  decapitated  eleven  hours  ago.  At  first  the  head 
twittered  its  antennae,  and  moved  its  mandibles,  just 

VOL.  II.  0 
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as  it  had  done  before  decapitation  :  this  was  evidence 
of  spontaneous  action.  It  also  frequently  moved  the 
larynx.  Sometimes  it  spmi  round  on  the  table  by 
means  of  its  long  antennas.  When  quiet,  if  I  touched 
it,  these  motions  were  resimied.  It  seized  any  object 
with  its  mandibles,  and  bit  fiercely.  About  ten  hours 
ago  all  spontaneous  action  ceased ;  but  any  u-ritation 
produced  the  reactions  of  sensibility.  AU  this  while 
the  headless  trunk  was  swimming  rapidly,  and,  if  irri- 
tated, behaved  precisely  as  the  trunk  of  an  uninjured 
insect  behaves. 

Once  more,  I  ask.  How  can  we  refuse  this  evidence  of 
sensibility,  unless  we  boldly  deny  that  the  insect  has 
sensibility  at  all?  If  we  accord  sensibility  to  the 
entire  beetle,  we  must  accord  it  to  the  separated  head ; 
j^ig  .  and  if  to  the  separated  head,  then, 
on  the  same  gTounds,  to  the  se- 
parated body.  Cast  a  glance  at 
the  nervous  system  of  the  beetle, 
and  you  observe  that  the  ganglia 
in  the  head  are  similar  to  those  in 
the  trunk,  and  are  only  imited 
with  them  by  two  threads  of 
nerve-fibres.  Is  it  rational  to  sup- 
pose that  the  mere  fact  of  union 

Nervous  System  of  Garden  of  SUch  threads  Can  endoW  actionS 
Beetle. — (After  Milne-Ed- 

Tvards.)  scusatiou,  whcu  we  know 

that  the  actions  themselves  are  the  same  whether  the 
union  exist  or  not ;  and  the  only  diff'erence  created  by  a 
division  is,  that  the  actions  of  the  fore-part  are  no 
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longer  consentaneous  with  the  actions  of  the  hind-part  ? 
The  nervous  communication  enables  the  two  parts  of  the 
insect  to  act  together  ;  it  does  not,  and  it  cannot,  give 
sensation  where  no  Sensibility  existed.  According  to 
the  view  I  take,  Sensibility  is  the  property  of  every 
ganglion,  just  as  Contractility  is  the  property  of  every 
muscle.  And  carrying  this  idea  with  us,  we  shall  find 
experimental  evidence  in  abundance ;  for,  suppose  we 
cut  off  one  segment  of  an  animal's  body,  the  loss  of 
this  segment  will  not  entail  a  loss  of  sensibility  in  the 
rest  of  the  body ;  a  dog,  or  a  lizard,  may  lose  its  tail 
without  losing  its  susceptibility  to  impressions.  Let 
us  now  remove  another  segment.  The  insect  continues 
to  fly,  walk,  bite,  &c.,  as  before.  From  this  sensitive, 
though  truncated,  insect,  we  continue  to  remove  seg- 
ment after  segment,  tiU  we  reach  the  last  segment,  or 
head.  In  the  course  of  these  operations  we  find  the 
insect  more  and  more  crippled,  but  at  no  point  ceasing 
to  manifest  sensibility :  the  head  gives  unequivocal 
signs,  just  as  the  whole  body,  minus  one  segment, 
gave  unequivocal  signs.  There  is  but  this  alternative  : 
either  we  must  deny  that  the  insect  at  any  time  has 
sensibility  ;  or  we  must  assert  that  only  in  the  ganglia 
of  the  head  does  sensibility  reside.  The  first  of  these 
positions  would  render  Physiology  silent  altogether, 
and  indeed  would  render  it  impossible  for  us  to  draw 
any  conclusions  respecting  man  ;  since  it  is  only  by  the 
similarity  of  their  actions  with  our  own  that  we  can 
conclude  men  to  have  feelings  similar  to  our  own  :  each 
man  can  only  have  direct  knowledge  of  his  own  con- 
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sciousness.  The  second  position  of  the  alternative, 
which  makes  Sensibility  the  exclusive  property  of  the 
cephalic  ganglia,  is  an  assumption  contradicted  on  the 
one  hand  by  the  anatoviical  identity  of  all  ganglia, 
and  on  the  other  hand  by  the  physiological  identity  of 
the  actions  of  head  and  trunk,  when  separated. 

That  I  am  not  doing  the  upholders  of  the  Eeflex-Theory 
any  injustice  in  asserting  that  they  call  the  actions  of 
the  separated  head  purely  reflex,  without  sensation, 
will  be  apparent  from  the  following  passage  from 
Marshall  Hall's  Memoir  :— He  decapitated  a  turtle. 
"  The  head  being  placed  upon  the  table  for  observation, 
it  was  first  remarked  that  the  mouth  opened  and  shut, 
and  that  the  submaxillary  integuments  descended  and 
ascended  alternately  from  time  to  time,  replacing  the 
acts  of  respiration.    I  now  touched  the  eye  or  eyelid 
with  a  probe.    It  was  immediately  closed:  the  other 
eye  closed  simultaneously.    I  then  touched  the  nostril 
with  the  probe.    The  mouth  was  immediately  opened 
widely,  and  the  submaxillary  membranes  descended. 
This  efifect  was  especially  induced  on  touching  the 
nasal  fringes  situated  just  within  the  anterior  part  of 
the  maxilla.    Having  made  these  observations,  I  gently 
withdrew  the  medulla  and  brain.    AU  the  phenomena 
ceased  from  that  moment.    The  next  observations 
were  made  upon  the  other  parts  of  the  animal.  The 
limbs,  the  tail,  were  stimulated  by  a  pointed  instru- 
ment or  a  lighted  taper.    They  were  immediately 
moved  with  rapidity.    The  sphincter  was  perfectly 
circular  and  closed :  it  was  contracted  still  more  fore- 
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ibly  on  the  application  of  a  stiiunlns.  On  withdrawing 
the  spinal  marrow  gently  out  of  its  canal  all  these 
phenomena  ceased."  The  conclusions  drawn  from 
these  observations  are  not  a  little  surprising  to  any 
one  who  has  a  sense  of  logical  proof.  "  This  experi- 
ment," he  continues,  "affords  evidence  of  many  im- 
portant facts  in  physiology.  It  proves  that  the  pre- 
sence of  the  medulla  oblongata  and  spinalis  is  neces- 
sary to  the  contractile  function  of  the  eyelids,  the 
submaxillary  textures,  the  larynx,  the  sphincters,  the 
limbs  and  the  tail,  on  the  application  of  stimuli  to  the 
cutaneous  surfaces  or  mucus  membranes  [which  no 
one  doubted].  It  proves  ( ! )  the  reflex  character  of 
this  property  of  the  medulla  oblongata  and  spinalis, 
and  the  dependence  of  these  motions  upon  the  reflex 
function.  It  proves  that  the  tone  of  the  limbs,  and 
the  contractile  property  of  the  sphincter,  depend  upon 
the  same  reflex  function  of  the  medulla  spinalis — 
eff'ects  not  hitherto  suspected  by  physiologists."  * 

Now  what  is  the  proof  here  afforded?  The  facts 
are,  that  the  limbs  and  tail  contract,  when  stimulated, 
although  the  head  be  removed  from  the  body.  This  is 
assumed  to  be  a  proof  that  such  contractions  take 
place  without  sensation,  because  the  Brain  is  assumed 
to  be  the  sole  seat  of  sensation.  "  In  decapitated  ani- 
mals the  very  organ  of  sensation  and  volition,  and  the 
other  mental  faculties,  is  removed."  -f-  But  unhappily 
for  this  argument,  the  facts  cited  by  him  show,  that 

*  Marshall  Hall  :  Philos.  Trans.  1833,  p.  644. 

+  Marshall  Hall  ;  New  Memoir  on  the  Nervous  System,  p.  32. 
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wlien  the  "very  organ"  itself  is  present — in  the 
severed  head — ^precisely  similar  phenomena  are  ob- 
served.   If  the  brain  is  the  very  organ  of  sensation,  it 
vpill  manifest  sensibility  as  long  as  any  vitality  remauis, 
whether  joined  to  the  body  or  severed  from  it :  just  as 
muscles  manifest  contractility,  and  the  heart  beats, 
when  separated  from  the  body :  it  is  but  a  feeble 
manifestation,  I  admit,  but  as  long  as  there  is  any 
manifestation,  it  will  be  of  the  organic  function  pecu- 
liar to  the  organ.    In  most  animals,  the  loss  of  blood, 
and  the  shock,  destroy  at  once  all  manifestation  of 
sensibility  in  the  severed  head  ;  *  but  in  reptiles,  batra- 
chians,  and  insects,  the  property  still  endures  for  a 
short  period. 

Does  not  the  reader  perceive  that  if  the  head, 
containing  the  "  organ  of  sensation,"  after  being 
severed  from  the  body,  manifests  any  of  those  signs  of 
sensibility  which  it  manifests  when  joined  to  the  body, 
we  can  have  no  right  whatever  to  say  these  identical 
effects  are  due  to  different  causes  ?  Does  he  not 
further  see  that  if  the  phenomena  observed  in  the 
body  separated  from  the  head,  are  precisely  similar  to 
those  observed  in  the  uninjured  animal,  and  to  those 
observed  in  the  severed  head,  these  identical  pheno- 
mena cannot  be  due  to  different  causes  ?  Deny  that 
the  separated  body  manifests  sensibility,  and  you 
must  deny  that  the  separated  head  manifests  it ;  but 

Were  it  not  so,  tlie  sufferings  of  a  mau  beheaded  would  be  friglit- 
ful.  But  we  know,  from  experiments  on  mammals,  that  the  loss  of 
blood  causes  death  before  the  shock  passes  away. 
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you  cannot  stop  here,  you  must  also  deny  that  the 
uninjured  animal  manifests  it. 

That  is  the  interpretation  I  put  upon  the  facts.  The 
one  suggested  by  Marshall  Hall  rests  on  the  double 
assumption  that  the  Brain  is  the  exclusive  seat  of 
Sensibility  (an  assumption  of  the  very  point  in  ques- 
tion), and  that  unless  the  Brain  be  in  vital  connection 
with  the  rest  of  the  body,  all  Sensibility  is  impossible. 
Of  proof  there  is  not  a  shadow.  Indeed,  I  cannot  help 
an  expression  of  surprise  at  the  weakness  of  the  evi- 
dence on  which  this  celebrated  Eeflex-Theory  is  based. 
Except  the  striking  facts  noted  of  human  beings,  with 
injured  spines,  who  were  insensible  to  prickings  and 
burnings — facts  which  we  shall  hereafter  see  do  not  in 
any  way  contradict  the  views  put  forth  in  these  pages, 
and  do  not,  when  properly  considered,  give  the  Reflex- 
Theory  any  countenance — there  is  not  a  single  fact,  or 
experiment,  which  can  make  us  pause.  As  to  Mar- 
shall Hall's  few  experiments,  the  facts  are  so  inaccu- 
rately stated  by  him,  or,  when  accurate,  are  so  illogic- 
ally  interpreted,  that  a  feeling  of  the  ludicrous  is 
irresistible  when  we  hear  him  declare  :  "  Nothing  can 
affect  my  vieiu  of  the  subject,  which  is,  as  I  have 
stated,  the  simple  expression  of  the  facts." 

Let  us  give  Marshall  Hall  due  honour  for  his  in- 
genuity and  his  steady  pertinacity  against  all  opposi- 
tion, but  let  us  also  rigidly  question  the  claims  even  of 
the  most  honoured.  I  do  not  think  that  accuracy  of  ob- 
servation, or  of  reasoning,  were  his  strong  points  ;  and 
in  the  course  of  the  following  pages  the  reader  will  see 


184 


THE  MIND  AND  THE  BRAIN. 


grounds  for  this  judgment.  Meanwhile  two  important 
misstatements  call  for  notice.  One  of  the  cardinal 
"facts"  in  Hall's  theory  is,  that  decapitated  animals 
never  move  unless  excited  to  motion  by  an  external 
stimulus.  This  fact  I  positively  deny.  Had  he  kept 
frogs  and  tritons  for  days  after  decaj^itation,  or  weeks 
after  division  of  the  spinal  chord,  he  would  have  ob- 
served frequent  refutations  of  his  hasty  conclusion. 
Had  he  even  remembered  Eedi's  account  of  the  tortoise, 
which,  after  the  whole  cranial  cavity  had  been  com- 
pletely emptied,  walked  about  as  usual,  and  lived  for 
five  months,*  he  would  never  have  ventured  on  such  a 
statement. 

Some  time  ago  I  removed  the  brain  from  a  frog,  and 
left  it  on  a  plate  to  recover  from  the  effects  of  ether. 
The  next  morning  the  servant  came  to  me,  vsdth  sup- 
pressed alarm,  assuring  me  my  frog  would  escape. 
"  No,  there's  no  danger.  It  can't  escape,  its  head  is 
oflf."  "  But  I  assure  you,  sir,  it's  quite  lively ;  I 
thought  it  would  jump  off  the  table."  On  going  up- 
staii's,  I  found  the  animal  in  the  niiddle  of  the  room. 
Such  things  are  of  frequent  occurrence.  Dr  Inman,  of 
Liverpool,  writes  me  word  that  he  has  witnessed  it  on 
several  occasions.  He  completely  emptied  the  cranial 
cavity  of  a  frog,  yet  found  the  animal  quite  vivacious  : 
"  There  is  no  lack  of  spontaneous  movement,  and  the 
reflex-actions  are  distinct  enough  in  the  eye,  eyelid, 
and  other  places."  Indeed,  no  one  has  investigated 
this  subject  without  seeing  abundant  evidence  of  spon- 

*  Eedi  :  Observ.  circa  Animal.  Vivent,  p.  209. 
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taneous  movements  after  removal  of  the  brain.  These 
movements  are,  it  is  true,  less  evident  when  the 
Medulla  Oblongata  has  also  been  removed  ;  but  that  is 
simply  because  lung-respiration  depending  on  the  Me- 
dulla, and  vital  energy  on  respiration,  the  removal  of  the 
Medulla  is  too  serious  an  interference  with  the  relations 
of  the  organism  to  permit  more  than  feeble  evidences 
of  spontaneity.  Nevertheless,  when  the  spinal  chord  is 
divided,  the  direct  influence  of  the  Medulla  is  removed 
from  the  nervous  centres  behind  the  section,  but  its 
indirect  influence,  in  keeping  up  an  active  nutrition  of 
those  centres,  enables  the  parts  behind  the  section  to 
move  spontaneously.  A  Triton,  or  Lizard,  with  a 
divided  chord,  will  be  seen  to  move  its  tail  and  hind- 
legs  spontaneously  ;  i.  e.,  without  any  external  stimulus 
being  applied. 

"When  I  use  the  phrase  external  stimulus,  it  is  in 
the  sense  implied  by  Marshall  Hall  and  Mr  Grainger, 
meaning  some  irritation  from  the  contact  of  a  hard 
substance,  an  acid,  or  the  flame  of  a  taper.  But  as  a 
change  in  the  temperature  of  the  room,  a  current  of 
cold  air,  or  the  eff"ect  of  exposure  on  the  wound,  may 
equally  well  range  under  the  category  of  external 
stimuli,  I  think  it  important  to  show  that  a  decapi- 
tated frog  will  move  spontaneously  when  there  is  no 
external  stimulus  possible.  The  frog  is  first  etherised  ; 
and  then,  its  brain  having  been  carefully  removed,  the 
whole  of  its  skin  is  stripped  ofi".  The  efi'ect  of  the  skin- 
ning is  to  render  it  totally  insensible  to  any  external 
impressions  :  you  may  pinch,  prick,  tear,  burn  the  flesh, 
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OX  cvL%,  off  .the  limbs  bit  by  bit,  witbout  producing  the 
sligtitest  sign  of  sensation.  Yet  this  frog  will  hop 
spontaneously  ;  and  if  you  draw  its  hind-legs  from 
lind^  it,  and  leave  them  outstretched,  it  will  draw 
them  Tip  again  in  a  few  minutes ;  thus  proving  that 
motions  may  take  place  in  a  braialess  animal  when  all 
external  impressions  are  rendered  powerless.  More- 
over, I  found  that  a  triton,  divided  in  two,  had  spon- 
taneous movement  in  both  halves  :  I  placed  the  tail- 
half  under  a  glass,  and  kept  the  air  within  moist,  to 
prevent  evaporation  from  the  skin,  yet  even  here  this 
fragment  of  an  animal  occasionally  moved. 

So  much  for  the  cardinal  fact  in  the  Reflex-Theory — 
a  fact  which  is  to  prove  that  the  motions  of  a  decapi- 
tated animal  are  excited,  but  not  felt.  I  conceive  that 
all  actions,  in  all  animals,  are  excited,  and  all  are  felt : 
an  unexcited  motion  is  inconceivable ;  but  some  mo- 
tions are  excited  by  external,  and  others  by  internal 
stimuli. 

The  second  point  to  be  noticed  here,  illustrates 
Hall's  somewhat  loose  manner  of  conducting  experi- 
ments which  require  rigid  caution ;  and  the  equally 
loose  manner  in  which  he  drew  conclusions.  "  I  di- 
vided," he  says,  "  the  spinal  marrow  of  a  very  lively 
snake  between  the  second  and  third  vertebrae.  The 
movements  of  the  animal  were  immediately  before 
extremely  vigorous  and  unintermitted.  From  the  mo- 
ment of  the  division  of  the  spinal  marrow,  it  lay  per- 
fectly tranquU  and  motionless,  with  the  exception  of 
occasional  gaspings  and  slight  movements  of  the  head. 
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It  became  quite  obvious  tliat  this  state  of.qmd^cence 
would  continue  indefinitely,  were  the  animal  secured  • 
from  all  external  impressions."  So  far  from  this  "being 
"obvious,"  it  is  directly  counter  to  fact.  <  The  mere 
division  of  the  spinal  chord  gives  a  "  shock,"  which  for 
a  time  keeps  the  animal  motionless,  or  convulsive,  but 
never  prevents  subsequent  spontaneity  of  movement. 
But  let  us  continue  his  account :  "  Being  now  stimu- 
lated, the  body  began  to  move  with  great  activity,  and 
continued  to  do  so  for  a  considerable  time,  each  change 
of  position  or  situation  bringing  some  fresh  part  of  the 
surface  of  the  animal  into  contact  with  the  table  or 
other  objects,  and  renewing  the  application  of  the 
stimulus.  At  length  the  animal  became  again  quies- 
cent ;  and  being  carefully  protected  from  all  external 
impressions,  it  moved  no  more,  but  died  in  the  precise 
position  and  form  which  it  had  assumed." 

A  closer  reasoner  would  have  seen  that  the  snake's 
movements  —  if  originated  by  a  sensation  derived 
from  an  irritation  —  would  subside  with  the  sub- 
sidence of  the  sensation  ;  but  they  could  never  subside 
— ^while  vitality  remained — if  the  mere  excitation, 
caused  by  contact  of  the  table,  originated  each  move- 
ment ;  since  this  excitation  must  be  renewed  at  each 
movement  of  the  snake,  and  thus  one  movement  would 
necessarily  bring  on  the  next.  But  Marshall  Hall  set 
logic  at  defiance.  On  this  very  page  he  declares,  that 
when  a  decapitated  animal  has  relapsed  into  the  repose 
from  which  it  will  never  rouse  itself,  unless  stimulated 
externally,  "  the  slightest  touch  with  a  hard  sub- 
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stance,  the  slightest  stimulus,  will  renew  the  move- 
ments and  he  thinks  that  these  movements  cannot 
depend  upon  sensation,  because  the  jDOsition  into  which 
the  animal  falls  may  be  one  which  would  be  attended 
with  extreme  pain  if  sensibility  remained — e.  g.  when  the 
animal  remains  suspended  over  the  acute  edges  of  the 
table.  Had  he  stopped  here,  one  might  have  attached 
some  weight  to  the  argument ;  but  he  proceeds — "  the 
infliction  of  punctures  and  the  application  of  a  lighted 
taper  did  not  prevent  the  animal,  still  possessed  (?)  of 
active  powers  of  motion,  from  passing  into  a  state  of 
complete  and  permanent  quiescence." 

As  the  "observation"  is  one  on  which  HaU  lays  great 
stress,  the  reader,  is  requested  to  notice  the  remarkable 
confusion  in  the  statement.  First  we  are  told  that  the 
slightest  touch  with  a  hard  substance  suffices  to  renew 
the  movements  ;  and  then  we  are  told  that  the  proof  of 
these  movements  not  being  due  to  sensation,  is  that 
punctures  and  burnings  produced  no  such  renewal  of 
movements — as  if  punctures  were  effected  without 
"  the  slightest  touch  of  a  hard  substance  ! "  The  truth 
of  the  case,  so  ill  observed  by  him,  is  this,  that  the 
snake,  when  thoroughly  exhausted,  did  not  move,  if 
punctured  or  burned  ;  but  before  that  exhaustion  had 
taken  place,  punctures  and  burnings  could  have  made 
it  writhe,  and  any  other  stimulus  would  have  made  it 
move.  On  the  whole,  we  cannot  but  agree  with  Arnold, 
when  he  says  that  Hall  one  moment  relies  on  the  fact 
that  decapitated  animals  move,  as  a  proof  that  move- 
ments may  take  place  without  sensation ;  and  the  next 
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moment  proves  the  absence  of  sensation  by  the  fact 
that  the  animals  do  not  move.* 

These  examples  will  suffice  to  show  how  little  Mar- 
shall Hall's  experiments  support  his  theory.  Let  us 
glance  at  another  example  which  is  adduced  in  favour 
of  the  theory  :  "  Mr  Grainger  found,"  says  Dr  Car- 
penter, "  that  he  could  remove  the  entire  hind-leg  of 
a  salamander  with  the  scissors  without  the  creature 
moving,  or  giving  any  expression  of  suffering,  if  the 
Spinal  Chord  had  been  first  divided  ;  yet  that  by  irri- 
tation of  the  foot,  especially  by  heat,  in  an  animal 
similarly  circumstanced,  violent  convulsive  actions  were 
excited  in  the  legs  and  tail.  This  fact  is  important, 
not  only  as  showing  the  comparatively  powerful  effect 
of  impressions  on  the  cutaneous  surface,  but  also  as 
proving  how  Little  relation  the  amount  of  reflex-action 
has  to  the  intensity  of  sensation." 

On  this  we  must  remark  that  the  fact  is  altogether 
misstated,  owing  to  theoretic  preconceptions.  When 
Mr  Grainger  states  that  the  creature  did  not  move, 
or  give  any  expression  of  suffering,  he  means,  I  pre- 
sume, that  the  fore-part  of  the  creature  remained 
quiet ;  which  is  no  more  than  would  be  expected,  since 
the  division  of  the  spinal  chord  had  divided  the  crea- 
ture into  two  distinct  parts — as  regards  sensibility. 
The  fore-part  was  quiet,  because  the  fore-part  was  not 
touched.  But  I  venture  to  say,  the  hind-part  was  not 
quiet;  that  always  writhes  when  the  leg  is  cut  off. 
And  although  the  leg  may  be  cut  off  from  this  hind- 

*  Arnold  ;  Die  Lehre  von  tier  li^ez  Function,  p.  54. 
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part  without  producing  any  considerable  writliings, 
such  as  are  produced  by  heat  or  other  irritation,  yet 
this  by  no  means  warrants  the  conclusion  drawn  by 
Dr  Carpenter ;  and  for  these  reasons  :  the  sensibility 
of  a  Salamander  to  external  stimuli  is  almost  ex- 
clusively cutaneous  ;  stripped  of  its  skin,  no  amount 
of  cutting,  or  pricking,  produces  the  slightest  sen- 
sation :  when  therefore  the  leg  is  cut  off,  if  the 
scissors  be  very  sharp,  and  the  movement  rapid,  the 
animal  scarcely  responds  to  the  stimulus ;  but  if  the 
scissors  be  not  very  sharp,  and  the  cut  be  made  slowly, 
the  animal — or  a  segment  of  the  animal — writhes  ener- 
getically. An  iiTitation  of  the  skin,  by  heat  or  other 
stimulus,  will,  of  course,  produce  greater  writhings 
than  cutting  off  a  leg  :  but  this  will  be  the  case  with 
the  iminjured  animal,  no  less  than  with  the  animal 
whose  chord  has  been  divided.  Thus  we  see  that  the 
fact  in  no  way  supports  the  hypothesis  of  reflex-actions 
being  produced  without  sensation. 

Indeed,  I  know  of  no  facts  whatever  which  justify 
the  hypothesis,  but  abundant  facts  irreconcilable  with 
it.  These  latter  facts  we  shall  have  to  consider  pre- 
sently, in  treating  of  the  sensational  function  of  the 
spinal  chord.  If  we  are  to  limit  sensation  to  the  brain, 
it  is  obvious  that  actions  which  take  place  without  a 
brain,  must  be  actions  without  sensation.  But  this 
is  the  point  which  has  to  be  proved,  not  assumed ; 
and  it  cannot  be  proved  by  such  facts  or  arguments  as 
have  hitherto  been  advanced.  Actions  may  be  deter- 
mined by  cerebral,  or  by  spinal,  sensibility ;  to  deny 
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sensibility  to  the  spinal  cliord,  because  its  sensations 
may  in  many  respects  be  unlike  those  of  the  brain,  is 
as  unphilosophical  as  to  deny  sensibility  to  the  cere- 
brum, because  its  sensations  are  unlike  those  of  the 
optic  or  auditory  centres  :  and  this  has  actually  been 
maintained.  Various  writers  have  denied  consciousness 
to  the  cerebral  hemispheres.  Nor,  imtil  we  adopt  lan- 
guage having  scientific  precision,  is  there  any  ground 
for  objecting  to  such  a  conclusion  ;  since  it  is  perfectly 
clear  that  the  same  principle  of  reflex-action  takes 
place  in  the  cerebrum,  as  that  which  we  have  noted  in 
the  spinal  chord. 

IV.  Eeflex-action  in  the  Beain. — It  was  sus- 
pected by  Prochaska,  and  has  since  become  quite  ascer- 
tained, that  reflex-actions  would  take  place  from  the 
Sympathetic  Ganglia,  without  the  participation  of  the 
Spinal  Chord.  The  proof  is  simple.  The  whole  spinal 
chord  and  brain  may  be  destroyed,  yet  the  heart  will 
continue  to  beat,  and  the  intestines  to  move. 

But  a  more  important  step  was  to  be  taken  :  the 
Brain  was  to  be  included  among  reflex  centres,  and 
some  at  least  of  its  actions  reduced  under  the  general 
law  of  reflexion.  This  step  was  taken  by  Dr  Laycock 
in  1840.  In  a  striking  paper*  read  by  him  at  the 
British  Association  in  1844!,  he  brought  together  the 
evidence  on  which  his  view  was  founded.  The  idea 
has  been  adopted  and  illustrated  in  the  writings  of  Dr 
Carpenter,  who  now  calls  the  action  "  unconscious  cere- 

•  Printed  in  the  British  and  Foreign  Medical  Review,  Jan.  1845. 
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bration."  If  the  modem-reflex  theory  be  adopted,  this 
extension  of  it  to  the  brain  is  inevitable.  But  it  seems 
to  me  that  unconscious  cerebration  is  nothing  more 
than  this :  we  can  have  a  sensation  without  thinking 
of  that  sensation  ;  and  in  like  manner  we  can  think 
without  thinking  that  we  think — a  train  of  ideas  may 
go  on  without  exciting  a  particular  direction  of  the 
consciousness. 

"I  was  led  to  this  opinion,"  Dr  Laycock  says  in 
announcing  his  view,  "  by  the  general  principle  that 
the  ganglia  within  the  cranium  being  a  continuation  of 
the  spinal  chord,  must  necessarily  be  regulated  as  to 
their  reaction  on  external  agencies  by  laws  identical 
with  those  governing  the  spinal  ganglia  and  their 
analogues  in  the  lower  animals."  If,  therefore,  the 
spinal  chord  is  a  centre  of  reflexion,  the  brain  must 
also  be  one.  It  is  a  matter  of  regret  that  Dr  Laycock 
did  not  extend  this  priociple,  and  declare  that  what- 
ever was  true  of  the  properties  of  the  cranial  centres, 
must  also  be  true  of  the  spinal  centres  ;  if  the  brain 
have  Sensibility,  the  spinal  chord  must  also  have  it. 

Dr  Laycock  refers  to  the  curious  phenomena  of 
Hydrophobia  in  proof  that  reflex  -  actions  may  be 
excited  by  the  optic  nerves,  or  by  a  mere  idea  of 
water.  When  a  mirror  was  presented  to  a  patient, 
the  reflection  of  the  light  acting  on  his  retina,  in  the 
manner  of  a  reflection  from  the  surface  of  water,  pro- 
duced a  convulsive  sobbing,  as  in  the  attempt  to  swal- 
low water,  and  the  patient  turned  aside  his  head  with 
expressions  of  terror.  Money  was  given  him  to  induce 
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liim  to  look  a  second  time,  but  before  he  bad  looked  iu 
it  a  minute,  the  same  effect  was  produced. 

The  idea  of  water  excited  similar  convulsions.  No 
sooner  was  it  suggested  that  the  patient  should  swal- 
low a  little  water  than  he  seemed  frightened,  and 
began  to  cry  out.  By  kindly  encouragements,  he  was 
brought  to  express  his  willingness  to  drink,  but  the 
sound  of  the  water,  as  it  was  poured  out  again,  brought 
on  convulsions.  In  another  case,  "  on  our  proposing 
to  him  to  drink,  he  started  up,  and  recovered  his 
breath  by  a  deep  convulsive  inspiration.  On  being 
lu'ged  to  try,  he  took  a  cup  of  water  in  one  hand,  and 
a  spoon  in  the  other.  With  an  expression  of  terror, 
yet  with  great  resolution,  he  filled  the  spoon,  and  pro- 
ceeded to  carry  it  to  his  lips  ;  but  before  it  reached  his 
mouth,  his  courage  forsook  him,  and  he  was  forced  to 
desist.  He  repeatedly  renewed  the  attempt,  but  with 
no  more  success.  His  arm  became  rigid  and  immov- 
able whenever  he  tried  to  raise  it  to  his  mouth,  and 
he  struggled  in  vain  against  this  spasmodic  resistance." 

The  facts  of  reflex  cerebral  action  are  important 
illustrations  of  the  law  of  nervous  phenomena,  but  they 
do  not  in  any  way  establish  the  peculiar  assumption 
of  the  Eeflex-Theory,  which  is,  that  actions  can  take 
place  without  the  excitations  of  Sensibility. 

Dr  Carpenter,  adopting  the  opinions  of  Marshall  Hall 
and  Dr  Laycock,  thus  classifies  all  reflex-actions  :  1. 
Those  determined  by  the  Spinal  Chord ;  'they  are 
"  excito-motor."  2.  Those  determined  by  the  Sensory 
Ganglia ;  they  are  "  sensori-motor."    3.  Those  deter- 
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mined  by  the  Cerebrum  ;  they  are  "  ideo-raotor."  In 
all  these  consciousness  is  said  to  be  absent. 

Here  we  must  once  again  call  attention  to  the 
ambiguity  of  ordinary  language.    Consciousness  is  a 
word  which,  although  used  as  eqiuvalent  to  sensation, 
is  often,  and  more  frequently,  used  as  equivalent  to 
thought.    To  have  a  sensation,  and  to  be  conscious, 
are  held  as  convertible  terms :  there  can  be  no  sensa- 
tion without  consciousness.    But  there  is  frequent  use 
of  phrases  implying  that  sensations  may  exist  without 
consciousness,  as  when  we  say,  "  I  heard  the  clock 
strike,  but  was  unconscious  of  it ;  I  wound  up  my 
watch,  but  did  so  unconsciously."  This  is  the  meaning 
which  Dr  Carpenter  seems  to  attach  to  the  word  ;  and 
with  that  meaning,  there  is  no  impropriety  in  his 
speaking  of  "  unconscious  cerebration,"  which  some 
have  ridiculed,  as  if  it  were  tantamount  to  "  unthink- 
ing thinking."    There  is  no  doubt  that  we  go  through 
many  mental  processes  without  any  of  that  reflex-feel- 
ing which  is  characterised  by  the  phrase  "  being  con- 
scious."   The  train  of  ideas  may  never  diverge  from 
the  direct  path  :  a  problem  may  be  solved,  and  the 
mind  will  be  so  intent  on  the  solution  as  to  be  wholly 
"unaware"  of  anything  else.    During  reverie  we  are 
not  only  "  unconscious"  of  the  presence  of  external 
objects,  but  of  our  own  state.    The  intellectual  me- 
chanism acts  without  interruption  from  sensation. 
When  the  word  consciousness  is  restricted  thus,  we 
may  properly  say  that  there  can  be  unconscious  think- 
ing, and  unconscious  sensation.    It  is  only  saying  that 


AMBIGUITY  OF  THE  WORD  CONSCIOUSNESS.      195  ' 

some  centres  of  our  complex  organism  may  net,  with- 
out at  the  same  time  calling  some  other  centres  into 
play. 

The  perplexing  ambiguities  which  necessarily  arise 
when  different  writers  use  the  words  sensation  and 
consciousness,  without  rigorously  defining  their  terms, 
I  have  endeavoured  to  avoid,  by  uniformly  employing 
the  word  Sensibility  as  a  general  term  indicating  the 
property  of  all  nerve-centres  ;  and  the  word  Sensation 
as  a  general  term  including  every  reaction  of  Sensi- 
bility to  a  stimulus,  external  or  internal.  By  so  doing, 
all  nervous  phenomena  are  brought  under  the  same 
law ;  as  all  muscular  phenomena  are  brought  together 
when  Contractility  is  assigned  to  muscular  fibre,  and 
Contraction  to  the  activity  of  that  property.  A  muscle 
may  be  flexor,  or  extensor,  or  sphincter ;  its  function 
may  be  to  serve  expression,  respiration,  locomotion, 
voluntary  or  involuntary  movements  ;  but  in  all  cases 
the  actions  depend  on  Contractility.  The  muscular 
mechanism,  like  the  nervous  mechanism,  is  so  related 
in  its  parts,  that  some  of  them  cannot  be  called  into 
action  without  also  playing  upon  others  ;  but  there  are 
parts  which  can  act  with  a  certain  independence.  The 
arm  may  be  moved  without  any  alteration  of  the 
muscles  of  expression,  yet  it  cannot  be  moved  without 
affecting  the  muscles  of  respiration.  But  whether  the 
parts  act  separately,  or  in  combination,  the  necessary 
condition  of  all  muscular  action  is  Contractility.  In 
like  manner,  whether  the  various  nerve-centres  act 
separately  or  in  combination,  the  necessary  condition 
of  all  ganglionic  action  is  Sensibility. 
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I  have  thouglit  it  desirable,  on  many  grounds,  to 
make  Consciousness  an  equivalent  term  for  Sensibility, 
and  have  grouped  the  various  forms  of  Sensibility 
under  the  heads  of  Thought-consciousness,  Sense-con- 
sciousness, and  Systemic-consciousness.    But  this  is  a 
point  which  may  be  left  to  the  pleasure  of  the  reader. 
The  thesis  maintained  in  these  pages  does  not  require 
assent  to  such  a  classification;  but  it  asserts,  as  a 
scientific  proposition,  that  Sensibility  is  the  property 
of  all  nerve-centres ;  and  that  no  action  can  possibly 
take  place  in  the  organism  which  has  not  a  sensation, 
of  some  hind,  as  a  basis.    The  Eeflex-Theory,  which 
considers  the  organism  as  a  mechanism,  errs  in  suppos- 
ing that  this  mechanism  can  dispense  with  Sensibility. 
I  also  hold  that  the  organism  is  a  mechanism— but 
a  vital  and  sensitive  mechanism.    It  was  no  discovery 
of  Marshall  Hall's 'that  many  actions  could  take  place, 
and  did  take  place,  without  our  being  "  conscious"  of 
them— meaning  thereby,  without  our  attending  to,  or 
thinking  oii\iBm.  Every  one  knew  that.  His  discovery 
purported  to  be,  that  whereas  some  actions  have  a  sen- 
sational origin,  and  can  only  be  performed  in  virtue 
of  a  sensitive  mechanism;  there  are  other  actions 
which  have  no  such  origin,  but  which,  like  the  actions 
of  a  steam-engine,  depend  on  the  reflexion  of  impres- 
sions into  motions,  one  cogged  wheel  moving  another. 
In  this  he  made  the  immense  mistake  of  forgetting 
that  in  the  vital  mechanism  each  cog  is  a  sensation. 
Unless  his  purely  mechanical  view  be  adopted,  the 
Eeflex-Theory  is  merely  a  new  name  ;  and  the  reader 
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has  already  seen  how  little  evidence  there  is  in  favour 
of  such  a  view,  how  much  against  it.  The  evidence 
ao-ainst  it  will  become  more  and  more  coercive  as 
we  proceed.  But  it  is  necessary  for  a  right  understand- 
ing of  the  claims  of  the  Spinal  Chord  to  the  title  of 
a  sensational  and  volitional  centre,  that  we  should 
examine  with  some  attention  what  constitutes — in 
a  physiological  sense — a  volition. 

V,    VOLUNTAET  AND  InVOLUNTAEY  ACTIONS. — It 

seems  an  easy  thing  to  distinguish  a  voluntary  from  an 
involuntary  action  ;  and  yet  this  seemingly  easy  thing 
sorely  perplexes  the  cunning  of  philosophy.  It  seems 
also  an  easy  thing  to  distinguish  between  an  animal 
and  a  plant ;  yet  when  we  come  to  seek  for  the  one 
distinctive  characteristic  which  marks  the  animal 
world,  and  separates  it  decisively  from  the  vegetable 
world,  we  are  sorely  puzzled.  There  is  no  difficulty  in 
saying  that  a  cow  is  an  animal,  and  a  cabbage  is  a 
plant :  but  when  we  descend  to  the  simpler  forms  of 
animal  life,  we  find  them  so  nearly  allied  to  plants 
that  our  classification  is  troubled.  StiU  greater  is  our 
perplexity  when  the  simpler  actions  are  presented  for 
analysis ;  positive  as  we  may  be  that  some  actions 
have  a  volitional  element,  we  are  at  a  loss  to  mark  out 
what  that  element  is. 

In  popular  language,  those  actions  are  called  volun- 
tary over  which  we  can  exercise  control,  either  in  the 
way  of  restraining,  or  of  prompting  them.  I  can  move 
my  arm,  or  keep  it  motionless,  if  I  will  to  do  so.  But 


198 


THE  MIND  AND  THE  BRAIN, 


there  are  other  actions  which  are  beyond  control ;  no 
effort  of  Will  suffices  to  prompt,  or  to  restrain  them. 
The  heart  beats  without  my  control.  The  eyehd  winks, 
the  wounded  muscle  quivers,  the  stomach  digests, 
involuntarily.  I  can  control  the  movement  of  my 
arm,  unless  a  sharp  pain  forces  me  to  withdraw  it ; 
and  when  I  withdraw  it  under  sudden  pain,  the  action 
is  said  to  be  involuntary. 

This  is  a  rough  classification,  which  suffices  for  our 
daily  needs.  We  want  a  term  to  mark  a  certain  group, 
and  the  term  voluntary  satisfies  that  want.    But  the 
severer  exigencies  of  Science  are  not  satisfied  so  easily. 
A  rigorous  examination  shows  that  in  most,  if  not 
in  all,  the  so-called  involuntary  actions  (as  we  shall  see 
presently)  this  very  volitional  element  of  control  may 
find  a  place.    Although  breathing  is  an  involuntary 
act,  it  can  be,  and  often  is,  restrained  or  accelerated  by 
the  will ;  but  the  controlling  power  soon  comes  to  an 
end — we  cannot  voluntarily  suspend  our  breathing  for 
many  seconds  ;  the  urgency  of  the  sensation  at  last 
bears  down  the  control.    In  like  manner,  we  can  par- 
tially, but  not  wholly,  restrain  the  shrinking  and 
trembling  which  accompany  pain  and  terror.    It  has 
been  said  that  these  partial  influences  of  control  are 
due  to  the  fact  that  the  apparatus  involves  some  of  the 
voluntary  muscles,  and  these  are,  of  course,  under  the 
control  of  the  will ;  but  that  inasmuch  as  the  appara- 
tus is  not  wholly  constituted  by  voluntary  muscles,  it 
is  not  wholly  under  control.    Yet  this  is  only  a  re- 
statement of  the  fact  in  different  terms.    The  muscles 
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are  styled  voluntary,  because  tliey  are  under  control. 
Nevertheless,  it  is  easy  to  prove  that  an  apparatus 
of  purely  voluntary  muscles  will  furnish  an  involuntary 
act — an  act  quite  beyond  all  influence  of  the  Will. 
The  act  of  winking  is  an  example.  It  is  performed  by 
volimtary  muscles,  and  may  be  a  purely  voluntary 
act — as  when  we  wish  telegraphically  to  warn  one  of 
our  hearers  that  we  are  jesting,  Yet  this  act,  which  is 
as  purely  voluntary  as  any  we  perform,  is  habitually 
an  involuntary  act ;  the  contact  of  the  air  with  the  eye 
causes  a  loss  of  temperature  by  evaporation,  and  the 
sensation  caused  by  this  dryness  urgently  insisting  on 
being  remedied,  we  wink.  Not  only  is  winking  one  of 
the  typical  examples  of  involuntary  action,  but  we 
find  that  it  occurs  in  spite  of  the  most  obstinate  effort 
to  restrain  it :  no  resolution  on  our  part  not  to  wink 
will  prevent  our  winking,  after  a  certain  time,  or  if 
a  hand  be  passed  rapidly  before  the  eye. 

This  example  shows  that  the  partial  control  which 
the  will  exercises  over  what  are  called  involuntary 
acts,  does  not  depend  on  the  nature  of  the  muscles  in- 
volved. The  same  action  which  is  voluntary  at  one 
moment  will  be  involuntary  at  another,  according  to 
the  urgency,  or  intensity,  of  the  stimulus.  We  laugh 
because  we  are  tickled,  or  because  some  ludicrous 
image  presents  itself:  both  of  these  are  involuntary 
actions,  although  both  are  capable,  within  certain 
limits,  of  control ;  but  we  may  also  laugh  because  we 
pretend  to  be  tickled  at  the  great  man's  joke — secretly 
telt  to  be  a  very  feeble  effort  of  humour.    We  cough 
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because  there  is  a  tickling  in  the  throat ;  and  we  also 
cough  because  we  desire  to  drown  the  too  buoyant 
platitudes  of  a  remorseless  orator.  We  yawn  because 
we  are  weary,  and  we  yawn  because  we  determine  to 
set  others' yawning.  It  seems  clear,  therefore,  that  the 
volitional  element  we  are  in  search  of,  cannot  lie 
in  the  act  itself,  but  in  something  which  ^jrecedes 
or  accompanies  the  act.  According  to  the  popular 
opinion,  an  act  is  called  voluntary  if  the  mind  has  de- 
termined it  by  a  conscious  conception  of  the  object  to 
be  attained  ;  and  if  we  were  to  say  that  volition  is  an 
action  determined  by  a  distinct  idea,  we  should  express 
the  current  opinion  pretty  accurately.  Is  that  opinion 
tenable  ? 

It  is  not  tenable,  because  on  the  one  hand  actions 
may  be  determined  by  distinct  ideas,  and  yet  be  "  in- 
voluntary and  because  on  the  other  hand  actions  may 
be  voluntary,  yet  not  determined  by  distinct  ideas,  but 
determined  simply  by  sensations.  Let  a  friend  pass  a 
finger  rapidly  before  your  eye,  and  although  he  has  sol- 
emnly assured  you  that  he  will  not  touch  you,  and  you 
have  profound  confidence  in  his  word,  yet  no  effort  of 
Win  prevents  your  winking.  It  is  in  vain  you  resolve 
to  be  firm — the  eyelid  drops  as  the  finger  approaches. 
This  winking  is,  according  to  ordinary  conceptions,  an 
involuntary  act,  since  it  is  performed  in  spite  of  the 
will ;  yet  it  is  an  act  determined  by  an  idea,  the  idea 
of  danger;  and  the  proof  of  this  is  seen  when  you 
approach  a  finger  to  the  eye  of  an  animal,  or  infant,  in 
whom  no  such  idea  of  danger  is  excited  :  it  does  not 
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*  wink.  Nor  do  you  wink  when  you  approach  your  own 
fino-er  to  your  eye,  because  then  the  idea  of  danger  is 
absent.  We  have  here  an  action  eminently  control- 
lable and  obviously  determined  by  an  ideal  stimulus, 
having  therefore  the  two  cardinal  characters  of  a  vol- 
untaiy  act,  yet  being  unmistakably  involuntary.  To 
reconcile  such  a  contradiction  we  must  suppose  that 
the  WUl  oscillated  —  one  instant  it  resolved  that 
winking  shoidd  not  take  place,  and  the  next  instant 
resolved  that  it  should.  This  explanation  would,  how- 
ever, force  the  admission  that  the  act  of  winking  was 
not  involimtary  ;  after  which,  it  would  be  puzzling  to 
ssLjwhat  acts  are  involuntary.  If  the  will  can  thus 
oscillate,  and  thus  rescind  its  orders,  why  may  it  not 
in  all  the  assumed  cases  of  involuntary  action  be  in  a 
state  of  oscillation  ? 

What  is  the  process  of  control  ?  Every  action  is  a 
response  to  a  sensitive  stimulus.  Muscles  are  moved 
by  motor-nerves  which  issue  from  nerve-centres ;  these 
nerve-centres  are  excited  by  impressions  carried  there, 
either  by  sensory  nerves  going  from  a  sensitive  sur- 
face, or  by  impressions  communicated  from  some  other 
centre.  A  stimulus  applied  to  the  skin  excites  a  sen- 
sation, which  being  reflected  on  a  muscle  excites  a 
contraction.  But  instead  of  the  sensation  exciting  a 
muscle,  it  may  be  reflected  on  some  nerve-centre,  and 
excite  a  reflex-feeling.  This  secondary,  or  reflex-sen- 
sation, may  either  play  upon  a  muscle,  or  upon  some 
other  centre,  and  this  will  excite  an  action.  Thus  it 
is  that  the  same  external  stimulus  may  issue  in  very 


202 


THE  MIND  AND  THE  BRAIN. 


different  actions.    We  decapitate  a  frog,  and  half  an 
liour  after  prick  or  pinch  its  leg  :  the  frog  hops,  or 
suddenly  draws  up  its  leg.    We  now  prick,  or  pinch, 
an  uninjured  frog  in  the  same  way,  and  we  mostly 
(not  always)  observe  that  its  leg  is  motionless  ;  it  does 
not  hop  away,  it  only  lowers  its  head,  and  perhaps 
closes  its  eyes  ;  a  second  pinch  makes  it  hop  away.  In 
the  decapitated  frog,  the  action  was  reflex  ;  the  stimu- 
lus transmitted  from  the  skin  to  the  spinal  chord  was 
directly  answered  by  a  contraction  of  the  leg.    In  the 
uninjured  frog,  the  stimulus  was  also  transmitted  to 
the  Spinal  Chord  ;  but  from  thence  it  ran  upwards  to 
the  brain,  exciting  a  reflex-feeling  of  alarm  ;  but  though 
alarmed,  the  animal  was  not  forced  into  any  definite 
course  of  action  to  secure  escape  ;  and  while  thus  hesi- 
tating, a  second  prick  came,  and  the  ui'gency  of  the 
sensation  then  caused  it  to  hop  away.    This  hoj)ping 
was  reflex,  but  it  was  indirectly  so  :  it  was  prompted 
by  the  reflex-feeling,  which  in  tm-n  had  been  excited 
by  the  original  sensation.    In  like  manner,  if  a  dog's 
tail  be  pinched  by  a  stranger,  the  dog  cries  out,  and 
turns  suddenly  round  to  bite  his  tormentor.    If  the 
tormentor  happen  to  be  the  dog's  master,  or  friend,  the 
dog  will  cry  out,  start  away,  or  perhaps  even  turn 
round  to  bite — but  he  wiU  not  bite  ;  should  he  get  so 
far  as  to  seize  the  hand  with  his  teeth,  he  checks  him- 
self in  time.    This  control  is  often  touchingly  seen  in 
removing  a  thorn  from  a  dog's  foot :  the  pain  causes  a 
reflex-action,  which  brings  the  dog's  head  down  upon 
the  operator's  hand  ;  but  instead  of  biting,  the  grateful 
animal  licks  that  hand. 
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These  are  cases  of  control.  They  are  possible  only 
because  reflex-feelings  are  excited  ;  one  sensation  being 
rapidly  followed  by  another,  so  that  before  one  action, 
directly  reflex,  can  occur,  another  action  is  set  going, 
which  interferes  with  it,  controls  it.  An  examination 
of  the  Nervous  System  discloses  a  number  of  centres, 
all  capable  of  independent  action,  yet  all  connected 
with  each  other,  and  thus  brought  into  some  depend- 
ence on  each  other  ;  it  is  through  this  dependence  that 
control  becomes  possible.  A  sensation,  instead  of  issu- 
ing in  the  action  which  usually  follows  it,  sometimes 
issues  in  another  sensation ;  this  in  turn  may  issue  in  a 
third  sensation,  instead  of  in  an  action  ;  just  as,  when 
a  row  of  billiard-balls  is  struck,  the  impetus  is  trans- 
mitted from  one  ball  to  the  other,  the  last  in  the  row 
flying  off,  and  all  the  others  remaining  in  their  original 
position.  At  some  point  or  other,  could  we  follow  its 
course,  we  should  observe  that  the  original  sensation 
issued  in  an  action,  although,  because  the  final  stimu- 
lus to  this  said  action  is  a  leQex-feelioig,  the  action  it- 
self is  very  unlike  what  it  would  have  been  if  directly 
reflex  Tickle  the  face  of  a  sleeping  man,  and  by  a 
reflex-action  his  hand  is  raised  to  rub  the  spot ;  tickle 
•the  face  of  that  man  when  awake,  and  instead  of  this 
reflex-action,  there  will  be  one  of  vocal  remonstrance, 
or  perhaps  one  guiding  a  pillow  in  its  descent  upon 
your  head. 

Inasmuch  as  all  actions  whatever  are  the  products 
of  stimulated  nerve-centres,  it  is  obvious  that  all  actions 
■  are  reflex — reflected  from  those  centres.    It  matters 
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not  whether  I  wink  because  a  sensation  of  dryness,  or 
because  an  idea  of  danger,  causes  the  eyelid  to  close : 
the  act  is  equally  reflex.  The  nerve-centre  which 
supplies  the  eyelid  with  its  nerve  has  been  stimulated  ; 
the  stimuli  may  be  various,  the  act  is  uniform.  At  one 
time  the  stimulus  is  a  sensation  of  dryness,  at  another 
an  idea  of  danger,  at  another  the  idea  of  communicat- 
ing by  means  of  a  wink  with  some  one  present ;  in 
each  case  the  stimulus  is  reflected  in  a  muscidar  con- 
traction. Sensations  excite  other  sensations ;  ideas 
excite  other  ideas  ;  and  one  of  these  ideas  may  issue  in 
an  action  of  control.  But  the  restraining  power  is 
limited,  and  cannot  resist  a  certain  degree  of  urgency 
in  the  original  stimulus.  I  can,  for  a  time,  restrain 
the  act  of  winking,  in  spite  of  the  sensation  of  dryness ; 
but  the  reflex-feeling  which  sets  going  this  restraining 
action  will  only  last  a  few  seconds  ;  after  which  the 
urgency  of  the  external  stimulus  is  stronger  than  that 
of  the  reflex-feeling — the  sensation  of  dryness  is  more 
imperious  than  the  idea  of  resistance — and  the  eyelid 
drops. 

If  a  knife  be  brought  near  the  arm  of  a  man  who 
has  little  confidence  in  the  friendly  intentions  of  him 
that  holds  it,  he  will  shrink,  and  the  shrinking  will  be 
"  involuntary  " — in  spite  of  his  will.  Let  him  have 
confidence,  and  he  will  not  shrink,  even  when  the  knife 
touches  his  skin.  The  idea  of  danger  is  not  excited  in 
the  second  case,  or  if  excited,  is  at  once  banished  by 
another  idea.  Yet  this  very  man,  who  can  thus  repress 
the  involuntary  shrinking  when  the  knife  approaches 
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his  arm,  cannot  repress  the  involuntary  winking  when 
the  same  friend  approaches  a  finger  to  his  eye.  In 
vain  he  prepares  himself  to  resist  that  reflex-action  ;  in 
vain  he  resolves  to  resist  the  impulse  ;  no  sooner  does 
the  finger  approach,  than  down  flashes  the  eyelid. 
Many  men,  and  most  women,  would  be  equally  unable 
to  resist  shrinking  on  the  approach  of  a  knife  :  the 
association  of  the  idea  of  danger  with  the  knife,  would 
bear  down  any  previous  resolution  not  to  shrink.  It  is 
from  this  cause  that  timorous  women  tremble  at  the 
approach  of  firearms.  An  association  is  established  in 
their  minds  which  no  idea  is  powerful  enough  to 
loosen.  You  may  assure  them  the  gun  is  not  loaded  ; 
"  that  makes  very  little  difierence,"  said  a  nawe  old 
lady  to  a  friend  of  ours.  They  tremble,  as  the  child 
trembles  when  he  sees  you  put  on  the  mask.  These 
illustrations  show  that  the  urgency  of  any  one  idea 
may,  like  the  urgency  of  a  sensation,  bear  down  the 
resistance  ofi'ered  by  some  other  idea ;  as  the  previous 
illustrations  showed  that  an  idea  could  restrain  or  con- 
trol the  action  which  a  sensation  or  idea  would  other- 
wise have  produced.  According  to  the  doctrines  cur- 
rent, the  "Wni  is  said  to  be  operative  when  an  idea 
determines  an  action  ;  and  yet  all  would  agree  that  the 
winking  which  was  involuntary  when  the  idea  of  dan- 
ger determined  it,  was  voluntary  when  the  idea  of 
communicating  with  an  accomplice  in  some  mystifica- 
tion determined  it. 

The  reader  will  have  gathered  already  that  we  admit 
no  real  and  essential  distinction  between  voluntary  and 
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involuntary  actions.    They  are  all  voluntary.  They 
all  spring  from  Consciousness.  They  are  all  determined 
by  feeling.    It  is  convenient,  for  common  purposes,  to 
designate  some  actions  as  voluntary  ;  but  this  is  merely 
a  convenience ;  no  psychological,  nor  physiological, 
insight  is  gained  by  it ;  an  analysis  of  the  process  dis- 
closes no  element  in  a  voluntary  action  which  is  not  to 
be  found  in  an  involuntary  action.    In  ordinary  lan- 
guage it  is  convenient  to  mark  a  distmction  between 
my  raising  my  arm  because  I  will  to  raise  it  for  some 
definite  purpose,  and  my  raising  it  because  a  bee 
has  stung  me;  it  is  convenient  to  say,  "I  will  to 
write  this  letter,"  and  "  this  letter  is  written  ao-ainst 
my  will — I  have  no  wiU  in  the  matter."    But  Science 
is  more  exacting  when  it  aims  at  being  exact ;  and  the 
philosopher,  analysing  these  complex  actions,  AviU  find 
no  element  answering  to  the  "  will,"  in  one,  which  is 
absent  from  the  other  :  he  wiU  find  this  only,  that  in 
each  case  certain  muscular  groups  have  been  set  in 
action  by  certain  sensational  or  ideational  stimuli. 
.  It  is  a  very  general  mistake  to  suppose  that  every 
act  of  volition  implies  a  distinct  idea  of  its  object. 
Unless  such  an  intellectual  element  be  present,  guiding 
the  movement,  the  voluntary  character  is  said  to  be  want- 
ing.   But  it  is  well  said  by  MiiUer,  that  "  the  ultimate 
source  of  voluntary  motion  cannot  depend  on  any  con- 
scious conception  of  its  object ;  for  Voluntary  motions 
are  performed  by  the  foetus  before  any  object  can  occur 
to  the  mind — before  any  idea  can  possibly  be  conceived 
of  what  the  voluntary  motion  eSects.    .    .    .  The 
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foetus  moves  its  limbs  at  first,  not  for  the  attainment 
of  any  object,  but  solely  because  it  can  move  tliem. 
Since,  however,  on  this  supposition,  there  can  be  no 
particular  reason  for  the  movement  of  any  one  part, 
and  the  foetus  would  have  equal  cause  to  move  -  all  its 
muscles  at  the  same  time,  there  must  be  something 
which  determines  this,  or  that,  voluntary  motion  to  be 
performed.  The  knowledge  of  the  changes  of  position 
which  are  produced  by  given  movements,  is  gained 
gradually,  and  only  by  means  of  the  movements  them- 
selves. .  .  .  The  voluntary  excitation  of  the  ori- 
o-ins  of  the  nervous  fibres,  without  objects  in  view, 
gives  rise  to  motions,  changes  of  posture,  and  conse- 
quent sensations.  Thus  a  connection  is  established  in 
the  yet  void  mind  between  certain  sensations  and  cer- 
tain motions.  When  subsequently  a  sensation  is  ex- 
cited from  vidthout,  in  any  one  part  of  the  body,  the 
mind  will  be  already  aware  that  the  voluntary  motion, 
which  is  in  consequence  executed,  will  manifest  itself 
in  the  limb  which  was  the  seat  of  sensation  ;  the 
foetus  in  utero  will  move  the  limb  that  is  pressed  upon, 
and  not  all  the  limbs  simultaneously.  The  voluntary 
movements  of  animals  must  be  developed  in  the  same 
manner.  The  bird  which  begins  to  sing  is  necessitated 
by  an  instinct  to  incite  the  nerves  of  its  laryngeal 
muscles  to  action  ;  tones  are  thus  produced.  By  the 
repetition  of  this  blind  exertion  of  volition,  the  bird  at 
length  learns  to  connect  the  kind  of  cause  with  the 
character  of  the  effect  produced.  The  instinct  of  this 
dream-like  and  involuntary-acting  impulse  in  the  sen- 
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solium  has  some  share  in  the  production  of  certain 
movements  in  the  human  infant,  which  are  in  them- 
selves voh;ntary.    In  the  sensorium  of  the  newly-born 
child  there  is  a  necessitating  impulse  to  the  motions  of 
sucking  ;  but  the  different  parts  of  the  act  of  sucking 
are  themselves  voluntary  movements."* 
.   In  this  passage,  Miiller  calls  certain  actions  volun- 
tary which  writers  usually  consider  to  be  reflex  (in- 
voluntary), and  reflex-actions  with  them  mean  actions 
without  sensation  ;  but  as  Mr  Bain  remarks,  "  It  may 
be  by  a  reflex-action  that  a  child  commences  to  suck 
when  the  nipple  is  put  between  its  lips  ;  but  the  con- 
tinuing to  suck  so  long  as  the  sensation  of  himger  is 
felt,  and  the  ceasing  when  that  sensation  ceases,  are 
truly  volitional  acts.    All  through  animal  life,  down 
to  the  very  lowest  sentient  being,  this  property  of  con- 
sciousness is  exliibited,  and  operates  as  the  instrument 
for  guiding  and  supporting  existence.    To  whatever 
lengths  the  purely  reflex  instincts,  or  the  movements 
divorced  from  consciousness,  may  be  carried  on  in  the 
inferior  tribes,  I  can  with  difiiculty  admit  the  total  ab- 
sence of  feeling  in  any  being  we  are  accustomed  to  call 
an  animal ;  and  with  this  feeling  I  am  obliged  also  to 
include  this  property,  which  links  the  state  of  feeling 
with  the  state  of  present  movement."  f    It  is  this  link 
of  feeling  with  action,  which,  according  to  Miiller,  con- 
stitutes Volition. 

This  idea  of  the  nature  of  Volition  has  been  adopted 

*  MuLLEU  :  Physiology,  ii.  835. 

•1"  Bain  ;  The  Senses  and  t/te  Intellect,  p.  296. 
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and  developed  by  Mr  Bain,  *  with  a  fulnesfe  and  sug- 
gestiveness  of  treatment  wliicli  leaves  little  to  be  de- 
su-ed.  There  are  questions  he  leaves  untouched,  and 
points  on  which  I  do  not  find  myself  able  to  agree  with 
him ;  but,  on  the  whole,  I  have  received  more  light 
from  his  work,  than  from  that  of  any  other  psychologist, 
and  shall  therefore  expound  his  views,  in  preference  to 
those  of  any  other.  He  considers  the  Will  as  the 
generalised  expression  of  our  power  to  perform  volun- 
tary actions  ;  and  by  voluntary  actions  he  means  those 
which  have  an  established  connection  with  certain  sen- 
sations. A  sensation  of  pain  excites  the  active  organs  : 
the  animal  struggles  till  it  has  escaped  the  pain  ;  these 
struggles  are  involuntary,  and  they  are  so  because  beyond 
definite  control,  beyond  the  guidance  of  any  one  feeling ; 
they  belong  to  what  Mr  Bain  calls  the  "  diffusive  wave 
of  emotion;''  whereas  voluntary  actions  are  isolated, 
and  directed  to  a  particidar  end.  In  the  course  of  its 
struggles,  the  animal  accidentally  makes  one  movement 
which  is  followed  by  an  alleviation  or  cessation  of  the 
pain  ;  this  makes  it  discontinue  all  the  other  move- 
ments, and  continue  that  which  alleviates.  If  any  of 
the  other  movements  are  set  going,  the  pain  recurs, 
and  warns  the  animal  to  cease.  The  continuance  of 
an  alleviating  movement,  Mr  Bain  regards  as  the  voli- 
tional element. 

"  We  must  in  the  first  instance  clearly  and  broadly 
separate  the  diffusive  wave,  accompanying  all  emotions 
as  their  necessary  embodiment,  from  the  active  influ- 

*  Bain  :  The  Emotions  and  the  Will. 
VOL.  II.  Q 
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ence  -now  under  discussion.  This  is  the  more  necessary 
as  the  two  classes  of  movements  are  very  apt  to  co- 
exist.   A  blow  with  a  whip,  inflicted  on  a  sentient 
creature,  produces,  as  a  part  of  the  emotional  effect, 
strictly  so  called,  a  general  convulsive  start,  grimace, 
and  howl ;  it  also  produces,  in  the  case  of  the  mature 
animal,  an  exertion  in  some  definite  course  to  avoid  the 
recurrence  of  the  infliction.    The  first  eff'ect  is  entirely 
untaught,  primitive,  instinctive  ;  being  intimately  and 
indissolubly  connected  with  feeling  in  the  very  nature 
of  it.   The  other  eff'ect  is  based  likewise  on  an  original 
property,  but  brought  into  the  shape  that  we  usually 
find  it  in,  after  some  experience  and  considerable  strug- 
gles.   The  element  just  mentioned,  of  aim  or  purpose, 
in  no  sense  belongs  to  the  movements  of  the  diffused 
wave,  or  those  constituting  the  manifestation  or  expres- 
sion of  the  mental  state:    The  ecstatic  shout  of  hila- 
rious excitement,  the  writhings  of  pain,  are  energetic 
movements,  but  they  belong  neither  to  the  class  of 
central  spontaneity  above  described,  nor  to  the  volun- 
tary class  now  under  consideration." 

When  a  very  young  infant  is  in  pain,  it  struggles 
and  squalls.  That  is  all  it  can  do  ;  it  does  that  lustily. 
Mr  Bain  considers  it  due  to  the  diffused  wave  of  emo- 
tion. Suppose  the  cause  of  the  pain  to  be  a  needle 
pricking  its  foot ;  the  child  will  make  no  effort  to 
remove  that  needle,  because  the  link  between  such  a 
pain  and  such  an  action  has  not  yet  been  established, 
and  this  voluntary  effort  cannot  be  made.  Before  it 
can  make  such  an  effort  it  must  have  learned  to  local- 
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ise  its  sensations.  Every  surgeon  knows  that  the 
yoimg  infant  may  be  allowed  to  have  his  hands  free, 
when  operated  on,  because  it  cannot  with  its  hands  in- 
terfere with  the  knife,  not  as  yet  knowing  where  the 
seat  of  pain  is.  When,  later  on,  it  has  learned  to  local- 
ise its  sensations,  it  may  learn  what  actions  alleviate 
them.  A  baby  in  discoihfort  from  some  itching  of  the 
nose  is  at  first  simply  restless ;  it  learns  to  rub  that 
nose  with  its  little  fist,  only  after  much  experience  of 
rubbings. 

Mr  Bain  relies  on  the  primary  fact  that  when  pain 
coexists  with  an  accidental  alleviating-movement,  or 
when  pleasure  coexists  with  a  pleasure  -  sustaining 
movement,  such  movements  become  subject  to  the 
control  of  the  respective  feelings  which  occur  in  their 
company.  It  is  a  primordial  law  that  we  shrink  from 
pain  and  cling  to  pleasure  ;  as  long  as  the  pain  is  un- 
alleviated,  movements  are  kept  up  ;  as  soon  as  one  par- 
ticular movement  brings  cessation  of  pain,  that  move- 
ment is  kept  up.  An  infant  lying  in  bed  has  the  pain- 
ful sensation  of  chilliness.  This  feeling  produces  the 
usual  emotional  display,  namely,  movement,  perhaps 
cries  and  tears.  In  the  course  of  a  variety  of  spon- 
taneous movements  of  arms  and  legs,  there  occurs  an 
action  that  brings  the  child  in  contact  with  the  nurse 
lying  beside  it;  instantly  waimth  is  felt,  and  this 
alleviation  of  painful  feeling  becomes  immediately 
the  stimulus  to  sustain  the  movement  going  on  that 
moment.  That  movement,  when  discovered,  is  kept 
np,  in  preference  to  the  others.    In  this  way  the  child 
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learns  to  connect  certain  sensations  with  certain  move- 
ments, and  at  a  year  old  will  draw  close  to  its  nurse 
whenever  the  sensation  of  cold  comes  on,  even  during 
sleep.    "  It  is  an  original  property  of  our  feelings  to 
prompt  the  active  system  one  way  or  another,  but 
there  is  no  original  connection  between  the  several 
feelings  and  the  actions  that  are  relevant  to  each  par- 
ticular case.    To  arrive  at  this  goal,  we  need  all  the 
resources  of  spontaneity,  trial  and  error,  and  the 
adhesive  growth  of  the  proper  couples,  when  they  can 
once  be  got  together.    The  first  steps  of  our  volitional 
education  are  a  jumble  of  spluttering,  stumbling,  and 
all  but  despairing  hopelessness.    Instead  of  a  clear 
curriculum,  we  have  to  wait  upon  the  accidents,  and 
improve  them  when  they  come." 

No  one  will  withhold  his  assent  from  the  proposi- 
tion that  a  pain  increasing  in  company  with  any  move- 
ment must  tend  to  cause  the  arrest  of  that  movement ; 
or  that  pleasure  increasing  in  company  with  a  move- 
ment must  tend  to  cause  the  continuance  of  that  move- 
ment. 

"  The  spontaneous  action  that  brings  a  limb  into  a 
painful  contact,  as  when  the  child  kicks  its  foot  upon 
a  pin  in  its  dress,  is  undoubtedly  from  the  earliest 
moment  of  mental  life  arrested.  Without  this  I  see 
no  possible  commencement  of  voliintary  power.  So  a 
movement  that  mitigates  a  pain  already  in  operation  is 
maintained,  as  long  as  the  creature  is  conscious  of 
diminished  suffering.  In  this  way,  the  arms,  hands, 
and  fingers  work  for  abating  sharp  agony,  provided 
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only  the  riglit  member  has  found  its  way  into  action. 
No  provision,  as  I  have  often  said,  exists  at  the  dawn 
of  life  for  getting  the  right  member  into  play.  The 
infont  being  must  go  through  many  a  cycle  of  annoy- 
ance, because,  among  numerous  stimulants  to  action 
that  have  occurred,  the  right  one  has  been  omitted. 
But  the  true  impetus  once  arising,  the  mind  is  alive 
to  the  coincidence  of  this  with  decreasing  or  vanished 
pain  ;  just  as,  on  the  other  hand,  we  must  suppose  it 
alive  to  the  coincidence  of  some  other  movement  with 
an  aggravation  of  the  evil.  The  greater  the  pain,  the 
more  strongly  is  the  alleviating  movement  sustained 
when  once  imder  way.  For  the  next  stage  of  the  pro- 
cess, the  establishment  of  a  connection  between  the 
pain  and  the  special  action,  we  must  fall  back  upon 
the  foundation  of  all  our  acquisitions,  namely,  the  force 
of  contiguous  association.  The  concurrence  of  a  par- 
ticular sensation,  as  a  prick  in  the  arm,  with  that  re- 
tracting movement  which  rids  us  of  the  pain,  leads  to 
the  rise  of  an  adhesive  bond  between  the  two,  if  a  suf- 
ficient number  of  repetitions  have  occurred.  We  can- 
not say  how  many  instances  of  chance  conjunction  are 
requisite  to  generate  an  association  so  strong  as  to  take 
away  the  uncertainties  attending  the  spontaneous  dis- 
charge ;  all  the  circumstances  governing  the  rapidity 
of  contiguous  adhesion  would  have  to  be  taken  into 
accoimt  in  this  case.  The  excitement  of  strong  pain 
on  the  one  hand,  or  of  strong  pleasure  on  the  other,  is 
a  favourable  moment  for  the  growth  of  an  association  : 
and  probably  not  a  great  number  of  those  occasions 
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would  be  necessary  to  convert  an  inchoate  into  a  full- 
formed  volition.    Full-formed,  I  say,  because  when  the 
supposed  pain  can  bring  into  play  the  proper  move- 
ment, in  the  absence  of  all  spontaneous  tendency,  we 
have  a  case  of  voluntary  power  complete  for  all  the 
purposes  of  the  living  being.    The  example  that  I  am 
now  discussing,  namely,  the  retractation  of  any  part  of 
the  body  from  a  painful  contact,  implies  a  very  numer- 
ous set  of  coincidences  between  local  pains  and  local 
movements.    For  all  contacts  on  the  back  of  the  hand, 
there  must  be  an  association  with  the  muscles  of 
flexion ;  for  the  palm,  the  extensor  muscles  must  be 
affected.    For  the  outside  of  the  arm,  the  tendency  to 
draw  it  towards  the  side  has  to,  be  prompted.    And  so 
in  like  manner  for  every  part  of  the  body,  under  an 
irritating  smart,  there  must  be  a  formed  connection 
between  painful  sensation  arising  in  the  locality  and 
the  corresponding  movements  of  retractation.    This  is 
one  department  of  voluntary  acquisition,  and  consists 
of  a  multitude  of  couples  of  individual  sensations  and 
individual  movements,  joined  by  association,  after  being 
commenced  by  spontaneity.    For  the  class  of  acute 
pains  supposed  the  acquirement  is  perfect,  owing  in  a 
great  measure  to  the  simplicity  of  the  case.    It  is  not 
so  with  many  of  those  muscular  pains,  which  we  are 
professedly  considering  at  present,  although  in  the  fore- 
going illustration  we  have  departed  from  them,  and 
somewhat  anticipated  the  subject  of  sensation  at  large. 
The  cramps  of  the  limbs  do  not  ordinarily  suggest  the 
alleviating  action.    Owing  partly  to  the  rarity  of  the 
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feelino-  we  have  not  usually  a  full-formed  volition 
which  enables  the  state  of  suffering  to  induce  the  alle- 
viating action,  and  consequently  we  are  thrown  upon 
the  primitive  course  of  trial  and  error.  This  instance 
shows,  by  contrast  with  the  preceding,  how  truly  our 
voluntary  powers  result  from  education.  An  established 
link  between  a  cramp  in  the  ball  of  the  leg,  and  the 
proper  actions  for  doing  away  with  the  agony,  is  quite 
as  great  a  desideratum  as  drawing  up  the  foot  when 
the  toe  is  pinched  or  scalded ;  yet  no  such  link  exists, 
until  a  melancholy  experience  has  initiated  and  ma- 
tured it.  The  connection  in  the  other  case  is  so  well 
formed  from-  early  years,  that  almost  everybody  looks 
upon  it  as  an  instinct,  yet  why  should  there  be  an 
instinct  for  the  lighter  forms  of  pain,  and  none  for  the 
severest  ?  The  truth  is,  that  the  good  education  in  the 
one  is  entirely  owing  to  our  being  more  favourably 
situated  for  making  the  acquisition," 

Hitherto  we  have  seen  voluntary  actions  under  the 
guidance  of  sensations  only  ;  let  us  now  observe  the 
ideal  guidance.  A  child  is  seated  at  table.  He  places 
his  hand  upon  the  bright  teapot,  and  the  pain  of  the 
bum  makes  him  withdraw  his  hand ;  again  the  bright- 
ness attracts  his  curious  fingers,  and  again  the  pain 
makes  him  desist.  After  a  certain  number  of  trials 
the  idea  of  the  pain  is  so  associated  with  that  of  the 
teapot,  that  the  child  no  longer  burns  himself  But 
he  has  thrust  his  hand  into  the  biscuit-plate,  and  finds 
this  action  rewarded  with  a  biscuit  instead  of  a  burn. 
On  repeating  it  he  is  scolded,  or  slapped,  or  put  into 
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the  comer — made  to  suffer  pain  ;  and  if  this  pain  be 
always  inflicted  when  he  acts  thus,  he  will  soon  learn 
to  restrain  his  forays  upon  the  biscuits.  This  liuk 
which  is  established  between  an  action  and  a  pain,  is 
an  ideal  link,  and  finds  its  place  in  memory ;  it  is  nearly 
as  firm  as  a  sensational  liuk.  The  supposition,  however, 
that  this  ideal  link  makes  the  action  voluntary,  as  dis- 
tinguished from  an  action  which  is  guided  by  a  sensa- 
tional link,  will  not  withstand  criticism. 

At  first  our  actions  are  guided  by  sensations  ;  then 
by  the  ideal  representatives  of  those  sensations. 

"  Instead  of  an  actual  movement  seen,  we  have  for 
the  guiding  antecedent  a  movement  conceived,  or  in 
idea.  The  association  now  passes  to  those  ideal  notions 
that  we  are  able  to  form  of  our  various  actions,  and 
connects  them  with  the  actions  themselves.  All  that 
is  then  necessary  is  a  determining  motive,  putting  the 
action  in  request.  Some  pleasure  or  pain,  near  or 
remote,  is  essential  to  every  volitional  effort,  or  every 
change  from  quiescence  to  movement,  or  from  one 
movement  to  another.  We  feel,  for  example,  a  painful 
state  of  the  digestive  system,  with  the  consequent 
volitional  urgency  to  allay  it ;  experience,  dkection, 
and  imitation,  have  connected  in  our  minds  all  the 
intermediate  steps,  and  so  the  train  of  movements  is 
set  on.  On  the  table  before  us  we  see  a  glass  of 
liquid  ;  the  infant  never  so  thirsty  could  not  make  the 
movement  for  bringing  it  to  the  mouth.  But  in  the 
maturity  of  the  will,  a  link  is  formed  between  the 
appreciated  distance  and  direction  of  the  glass,  and  the 
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movement  of  the  arm  up  to  that  point ;  and  mider  the 
stimnhis  of  pain,  or  of  expected  pleasure,  the  movement 
is  executed." 

It  often  happens  that  we  are  conscious  of  "an 
interval  of  suspense  between  the  moment  of  painful 
urgency  and  the  moment  of  appeasing  action  ; "  because 
the  reflex-feelings  are  many,  and  these  cross  and  re- 
cross  each  other,  so  that  no  one  of  them  issues  in 
action.  This  was  the  case  with  the  frog  which  we 
cited  just  now ;  instead  of  hopping  away  when  pinched, 
it  cowered  and  seemed  hesitating  as  to  its  escape. 

And  this  leads  us  to  consider  how  thoughts,  no  less 
than  actions,  can  be  controlled ;  how  the  mind  has 
power  over  its  actions,  no  less  than  over  the  actions 
of  the  body.  The  fact  that  we  can,  in  some  degree, 
control  the  thoughts,  is  indisputable  ;  hoiu  we  do  so  is 
not  so  clear. 

The  power  of  keeping  up  one  train  of  thought,  is 
analogous  to  that  of  keeping  up  one  course  of  muscular 
action.  We  cling  to  certain  ideas  because  they  are 
pleasant,  or  interest  us,  or  because  some  remote  pain 
or  pleasure  stimulates  us ;  and  we  repress  all  other 
thoughts  as  they  arise,  just  as  we  should  repress  move- 
ments which  disturbed  a  pleasurable  sensation.  It  is 
notorious  that  we  cannot  call  up  any  one  idea  at  will ; 
but  having  once  got  hold  of  the  idea,  we  can  keep  it 
before  the  mind.  What  Mr  Bain  has  said  when 
treating  of  the  intellectual  process  named  by  him  "  con- 
structive association,"  seems  to  us  the  true  explanation 
of  all  command  over  the  thought : — 
VOL.  II.  E 
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"  "When  Watt  invented  his  '  parallel  motion  '  for  the 
steam-engine,  his  intellect  and  observation  were  kept 
at  work,  going  ont  in  all  directions  for  the  chance  of 
some  suitable  combination  rising  to  view  ;  his  sense  of 
the  precise  thing  to  be  done  was  the  constant  touch- 
stone of  every  contrivance  occurring  to  him,  and  all 
the  successive  suggestions  were  arrested,  or  repelled, 
as  they  came  near  to,  or  disagreed  with,  this  touch- 
stone.   The  attraction  and  repulsion  were  purely  voli- 
tional effects  ;  they  were  the  continuance  of  the  very 
same  energy  that,  in  his  babyhood,  made  him  keep  his 
mouth  to  his  mother's  breast  'while  he  felt  hunger  nn- 
appeased,  and  withdraw  it  when  satisfied,  or  that  made 
him  roll  a  sugary  morsel  in  his  mouth,  and  let  drop 
or  violently -  eject  what  was  bitter  or  nauseous.  The 
promptitude  that  we  display  ia  setting  aside  or  ignor- 
ing what  is  seen  not  to  answer  our  present  wants, 
is  vohtion,  pure,  perennial,  and  unmodified ;  the  power 
seen  in  our  infant  struggles  for  nomishment  and 
warmth,  or  the  riddance  of  acute  pain,  and  presiding 
over  the  last  endeavours  to  ease  the  agonies  of  suffering. 
No  formal  resolution  of  the  mind,  adopted  after  consi- 
deration or  debate,  no  special  intervention  of  the  '  ego,' 
or  the  personality,  is  essential  to  this  putting  forth  of 
the  energy  of  retaining  on  the  one  hand,  or  repudiating 
on  the  other,  what  is  felt  to  be  clearly  suitable,  or 
clearly  unsuitable,  to  the  feelings  or  aims  of  the 
moment.    The  inventor  sees  the  incongruity  of  a  pro- 
posal, and  forthvsdth  it  vanishes  from  his  view.  There 
may  be  extraneous  considerations  happening  to  keep  it 
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up  in  spite  of  the  volitional  stroke  of  re[)U(liation,  Imt 
the  genuine  tendency  of  the  mind  is  to  withdraw  till 
further  consideration,  on  the  mere  motive  of  nnsuit- 
ability  ;  while  some  other  scheme  of  an  opposite  nature 
is,  by  the  same  instinct,  embraced  and  held  fast.  In 
all  these  new  constructions,  be  they  mechanical,  verbal, 
scientific,  practical,  or  iEsthetical,  the  outgoings  of  the 
mind  are  necessarily  at  random  ;  the  end  alone  is  the 
thino-  that  is  clear  to  the  view,  and  with  that  there  is 
a  perception  of  the  fitness  of  every  passing  suggestion. 
The  volitional  energy  keeps  up  the  attention,  or  the 
active  search,  and  the  moment  that  anything  in  point 
rises  before  the  mind,  springs  upon  that  like  a  wild 
beast  on  its  prey." 

Nowhere  has  Mr  Bain  expressed  himself  categorically 
respecting  the  difference  between  voluntary  and  in- 
voluntary actions  ;  but  he  assumes  the  difference,  and, 
implicitly  at  least,  he  makes  it  depend  on  the  establish- 
ment of  the  link  of  feeling.  "Voluntary  actions,"  he 
says,  in  the  nearest  approach  to  a  definition  we  can 
recall,  "  are  distinguished  from  reflex  and  spontaneous 
activity  by  the  directive  intervention  of  a  feeling  in 
their  jjr eduction."  In  denying  the  intervention  of 
sensation  in  reflex-actions,  he  only  follows  the  current 
theory  ;  but  unless  he  separates  the  involuntary  from 
reflex  and  spontaneous  actions,  he  falls  into  manifest 
contradiction  with  his  own  principles,  in  making  the 
intervention  of  feeling  the  mark  of  a  voluntary  act. 
We  have  endeavoured  to  show  that  both  voluntary 
and  involuntary  actions  are  reflex,  following  upon  the 
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stimulus  given  to  their  centres,  that  stimulus  being 
sensational  or  ideational.    'Nor  is  this  all:  they  are 
both  capable  of  being  brought  under  control — that  is 
to  say,  of  being  restrained  or  originated  by  the  influ- 
ence of  some  other  centre.    That  we  do  not  habitually 
control  (that  is,  interfere  with)  the  action  of  the  heart, 
the  contraction  of  the  iris,  or  the  activity  of  a  gland,  is 
true ;  it  is  on  this  account  that  such  actions  are  called 
involuntary  ;  they  obey  the  immediate  stimulus.  But 
it  is  an  error  to  assert,  as  most  physiologists  and 
psychologists  persist  in  asserting,  that  these  actions 
cannot  be  controlled,  that  they  are  altogether  beyond 
the  interference  of  other  centres,  and  cannot  by  any 
effort  of  ours  be  modified.    It  is  an  en'or  to  suppose 
these  actions  are  essentially  distinguished  from  the 
voluntary  movement  of  the  hands.    We  have  acquired  a 
power  of  definite  direction  in  the  movements  of  the 
hands,  which  renders  them  obedient  to  our  will ;  but 
this  acquisition  has  been  of  slow  laborious  gTOwth.  If 
we  were  asked  to  use  our  toes  as  we  use  our  fingers — 
to  grasp,  paint,  sew,  or  write  with  them,  we  should 
find  it  not  less  impossible  to  control  the  movements  of 
the  toes  in  these  directions,  than  to  contract  the  iris,  or 
cause  a  burst  of  perspkation  to  break  forth.  Certain 
movements  of  the  toes  are  possible  to  us ;  but  unless 
the  loss  of  our  fingers  has  made  it  necessary  that  we 
should  use  our  toes  in  complicated  and  slowly  acquired 
movements,  we  can  do  no  more  with  them  than  the 
young  infant  can  do  with  his  fingers.    Yet  men  and 
women  have  written,  sewed,  and  painted  with  thek 
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toes.  All  that  is  required  is  tli.at  certain  links  should 
be  established  between  sensations  and  movements  ;  by 
continual  practice  these  links  are  established  ;  and 
what  is  impossible  to  the  majority  of  men,  becomes 
easy  to  the  individual  who  has  acquired  this  power. 
This  same  power  can  be  acquired  over  what  are  called 
the  organic  actions ;  although  the  habitual  needs  of 
life  do  not  tend  towards  such  acquisition,  and  without 
some  strong  current  setting  in  that  direction,  or  some 
peculiarity  of  organisation  rendering  it  easy,  it  is  not 
acquired.  In  ordinary  experience  the  number  of  those 
who  can  write  with  their  toes  is  extremely  rare,  the 
urgent  necessity  which  would  create  such  a  power 
being  rare ;  and  rare  also  are  the  examples  of  those 
who  have  any  control  over  the  movement  of  the  iris, 
or  the  action  of  a  gland  ;  but  both  rarities  exist. 

It  would  be  difficult  to  choose  a  more  striking  ex- 
ample of  reflex-action  than  the  contraction  of  the  iris 
of  the  eye  under  the  stimulus  of  light ;  and  to  ordinary 
men,  having  no  link  established  which  would  guide 
them,  it  is  utterly  impossible  to  close  the  iris  by  any 
effort.  It  would  be  not  less  impossible  to  the  hungTy 
child  to  get  on  the  chair  and  reach  the  food  on  the 
table,  until  that  child  had  learned  how  to  do  so.  Yet 
there  are  men  who  have  learned  how  to  contract  the 
iris.  The  celebrated  Fontana  had  this  power  ;  which 
is  possessed  also  by  a  medical  man  now  living  at  Kil- 
marnock— Dr  Paxton — a  fact  authenticated  by  no  less 
a  person  than  Dr  Allen  Thomson.*    Dr  Paxton  can 

*  Glasgow  Medical  Journal,  1857,  p.  451. 
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contract  or  expand  the  iris  at  will,  without  changing 
the  position  of  his  eye,  and  without  an  effort  of  adap- 
tation to  distance. 

To  move  the  ears  is  impossible  to  most  men.  Yet 
some  do  it  with  ease,  and  all  can  learn  to  do  it.  Some 
men  have  learned  to  "  ruminate  "  their  food  ;  others  to 
vomit  with  ease  ;  and  some  are  said  to  have  the  power 
of  perspiring  at  will.*    That  many  glands  are  under 
the  influence  of  the  Will — in  other  words,  that  we  can 
stimulate  them  to  secretion  by  a  mere  ideal  stimulus- 
is  too  weE  known  to  need  instance  here.    Even  the 
beating  of  the  heart  can  be  arrested.    The  heart  has 
its  own  nervous  system.    The  minute  ganglia  imbedded 
in  its  substance  regulate  its  rhythmic  movements  ;  and 
long  after  death  the  heart  is  seen  to  beat.  But  although 
thus  independent,  it  is  also  dependent :  its  nervous 
system  is  in  connection  with  the  spinal  chord  and 
brain  ;  and  influences  from  these  will  act  upon  it  (see 
p.  147).    Thus  it  is  that  emotions  agitate  the  heart ; 
the  disturbance  of  its  movements  comes  from  the  inter- 
ference of  brain  or  chord.    Now,  if  once  we  recognise 
a  channel  of  sensation,  we  recognise  a  possible  source 
of  control ;  and  if  the  daily  needs  of  life  were  such  that 
to  fulfil  some  purpose  the  action  of  the  heart  required 
control,  we  should  learn  to  control  it.     Some  men 
have,  without  such  needs,  learned  how  to  control  it. 
The  eminent  physiologist,  E.  F.  Weber  of  Leipzig, 
found  that  he  could  completely  check  the  beating  of 

*Mateb:  Die  elmieniarorganization  des  Seelenorgans,  ^.  12,istlie 
authority  for  the  last  statement. 
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his  heart.  By  suspending  his  breath,  and  violently 
contracting  his  chest,  he  could  retard  the  pulsations  ; 
and  after  three  or  five  beats,  unaccompanied  by  any  of 
the  usual  sounds,  it  was  completely  still.  On  one  occa- 
sion he  carried  the  experiment  too  far,  and  fell  into  a 
syncope.  Cheyne,  in  the  last  century,  recorded  a  case 
of  a  patient  of  his  own  who  could  at  will  suspend 
the  beating  of  his  pulse,  and  always  fainted  when 
he  did  so. 

It  thus  appears  that  even  the  actions  which  most 
distinctly  bear  the  character  recognised  as  involun- 
tary— uncontrollable — are  only  so  because  the  ordinary 
processes  of  life  furnish  no  necessity  for  their  control. 
We  do  not  learn  to  control  them,  though  we  could  do 
so,  to  some  extent ;  nor  do  we  learn  to  control  the 
motions  of  our  ears  and  toes,  although  we  could  do  so. 
And  while  it  appears  that  the  involuntary  actions  can 
become  voluntary,  it  is  famihar  to  all  that  the  voluntary 
actions  tend,  by  constant  repetition,  to  become  invol- 
untary, and  are  then  called  secondarily  automatic. 

The  conclusion  at  which  we  arrive  is  this :  Popu- 
lar language  conveniently  classes  actions  as  voluntary 
when  a  distinct  conception  of  the  object  to  be  achieved 
accompanies  or  originates  them.  But  Pyschology  and 
Physiology,  descending  deeper  than  such  classifications, 
and  analysing  the  process  which  takes  place  in  the 
organism,  declare  that  all  actions  whatever  are  the 
responses  of  organs  to  the  stimulus  of  their  nerve- 
centres.  Whether  the  action  be  the  movement  of  a 
muscle  or  the  secretion  of  a  gland,  it  is  finally  deter- 
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mined  by  the  centre  from  wHch  the  organ  is  supplied. 
This  centre  may  be  stimulated  by  a  sensory  nerve 
going  from  the  surface— as  when  the  salivary  gland 
pours  out  its  secretion  after  the  stimulus  of  food,  or 
the  limb  contracts  on  the  stimulus  of  pain.  The  centre 
may  also  be  stimulated  by  the  action  of  some  other 
centre :  as  when  the  idea  of  food  causes  a  flow  of 
saliva ;  or  an  irritation  of  the  saHvary  gland  causes 
a  flow  of  gastric  juice.    But  whether  the  action  result 
from  a  direct  or  an  indirect  stimulus,  it  is  always  the 
same  response  of  an  organ  to  its  centre  ;  whether  the 
starting-point  be  an  idea,  or  a  sensation,  the  final  Lssue 
is  an  excitation  of  the  particular  centre,  and  the  response 
of  a  particular  action.*    We  cannot  separate  some 
actions  from  others,  and  call  them  voluntary  merely 
because  they  are  dependent  on  a  link  of  feeling,  since 
all  actions  are  dependent  on  sensation.    And  if  any 
reader  objects  to  such  a  conclusion  on  the  ground  that 
it  makes  the  Soul  animate  the  whole  body,  and  preside 
over  all  its  actions,  not  simply  over  a  few  of  them— if 
he  objects  that  we  are  thereby  retrograding  towards 
the  doctrine  of  Stahl— our  reply  is:  we  must  foUow 
Logic  whither  Logic  leads.  Any  reader  who  is  uncom- 

*  In  the  valuable  work  by  M.  LANDEY-Traite'  des  Paralysies,  the 
first  part  of  wliicli  appeared  while  these  sheets  were  at  the  prmter's- 
thereisaviewof  voluntary,  involuntary,  and  reflex  actions,  almost 
identical  with  the  one  given  atove.  Indeed,  although  M.  Landeys 
language,  and  his  psychological  opinions  generally,  accord  with  cur- 
rent doctrines,  the  physiological  conclusions  to  which  his  researches 
■  have  conducted  him  agree,  in  the  main,  with  those  I  have  endeavoured 
to  establish 
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fortable  at  the  idea  of  retrogTadino-,  who  is  unwillino- 
to  believe  that  all  the  phenomena  of  his  sensitive 
organism  have  one  common  som"ce,  one  kindred  na- 
tnre,  aud  one  common  name — the  soul — is  at  perfect 
liberty  to  try  and  reach  some  other  conviction  which, 
besides  being  more  agreeable  to  his  feelings,  will  bet- 
ter explain  the  facts.  It  is  a  topic  on  which  no  man 
will,  wisely,  dogmatise.  The  veil  of  mystery  will  never 
be  lifted.  We  who  stand  before  that  veil,  and  specu- 
late as  to  what  is  behind  it,  can  but  build  systems ; 
we  cannot  see  the  truth. 

VI.  The  Spinal  Chokd  as  a  Sensational,  Voli- 
tional Centee.— The  ground  has  now  been  faii-ly 
cleared  for  a  most  important  inquiry,  one  not  only 
essential  to  the  argument  against  the  Brain  as  the 
exclusive  organ  of  the  Mind,  but  also  essential  to 
the  right  understanding  of  most  questions  relatiug 
to  nervous  j)henomena.  It  was  necessary  that  we 
should  first  come- to  a  distinct  understanding  about  the 
Eeflex-Theory ;  because  while,  on  the  one  hand,  that 
Theory  relied  for  support  on  the  facts  which  showed 
that  the  Spinal  Chord  was  an  independent  centre,  act- 
ing as  well  without  the  Brain  as  with  it— and  hence 
its  actions  were  assumed  to  be  independent  of  sensa- 
tion on  the  other  hand,  the  facts  which  unequivo- 
cally declare  that  the  Spinal  Chord  is  a  sensational 
centre,  were  set  aside,  and  explained  away,  as  being 
"merely  reflex."  To  prove  that  reflex-actions  are 
independent  of  sensation,  it  is  first  necessary  to  prove 
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that  the  actions  of  the  Spinal  Chord  are  independent 
of  sensation.  This  has  never  been  proved  :  it  has  been 
assumed ;  and  assumed  in  the  face  of  opposing  evi- 
dence. I  shall  now  endeavour  to  show  that  the  Spinal 
Chord  is  a  sensational  centre ;  a  conclusion  which 
would  give  the  final  blow  to  the  Reflex-Theory. 

1.  Views  of  earlier  Writej^s. — Although  the  reasons 
for  the  opinion  maintained  in  these  pages  respecting 
the  fundamental  agreement  of  all  nerve-centres,  have 
not,  I  believe,  before  been  applied  to  the  functions  of 
the  Spinal  Chord,  the  opinion  itself,  of  the  sensational 
fimctions  of  the  chord,  is  by  no  means  new.  Eobert 
Whytt  maintained  it.    Prochaska,  as  we  have  seen, 
held  that  the  spinal  chord  formed  the  greater  part  of 
the  sensorium  commune;  and  he  adduced,  in  proof, 
the  familiar  facts  of  sensibility  manifested  by  headless 
animals.   The  next  writer  whom  I  can  discover  to  have 
held  this  opinion  is  J.  J.  Sue— the  father  of  the  cele- 
brated French  romance-writer — who,  in  1803,  conceived 
that  his  experiments  proved  the  Spinal  Chord  to  be 
capable  of  replacing,  to  a  certain  extent,  the  functions 
of  the  Brain.*    Next  came  Legallois,f  who  undertook 
to  show,  by  a  series  of  experiments,  that  the  principle  of 
sensation  and  movement,  in  the  trunk  and  extremities, 
has  its  seat  in  the  Spinal  Chord.  The  mere  division  of 

*  Sue  :  Recherches  Philosopldques  sur  la  Vilalid  et  le  Oalvanisrm, 
p.  9.  He  was  not  consistent,  however,  but  adopted  Bichat's  opimon 
respecting  the  sensibility  of  the  viscera,  p.  CS. 

t  Legallois  :  Experiences  sur  le  principe  de  la  vie.  Published,  1 
conclude,  in  1811 ;  the  edition  I  use  is  the  one  printed  in  the  Enc^clo- 
pMie  des  Sciences  Medicales,  iv. 
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the  chord,  he  said,  pi'oduces  "  the  astonishing  result  of 
an  auiinixl,  in  which  the  head  and  the  body  enjoyed 
separate  vitality,  the  head  living  as  if  the  body  did 
did  not  exist,  and  the  body  living  as  if  the  head  did 
not  exist.  Guinea-pigs,  after  decapitation,  seem  very 
sensitive  to  the  pain  caused  by  the  wound  in  the  neck ; 
they  alternately  carry  first  one  hind-leg,  and  then  the 
other,  to  the  spot,  as  if  to  scratch  it.  Kittens  also  do 
the  same." 

A  few  years  afterwards,  1817,  Dr  Wilson  Philip 
concluded  that  "■  the  spinal  marrow  possesses  sensorial 
power,  as  appears  from  very  simple  experiments but 
he  held  the  Brain  to  be  the  chief  source  of  sensorial 
power.*  The  foUowing  year,  Lallemand  supported  this 
opinion  by  the  very  curious  phenomena  exhibited  by 
infants  born  without  brains :  these  infants  breathed, 
swallowed,  sucked,  squalled,  and  gave  very  unequivocal 
signs  of  sensibUity.  The  value  of  such  observations 
consists  in  disproving  the  objection  frequently  urged 
against  the  evidence  of  decapitated  animals,  namely, 
that  in  these  animals  the  Spinal  Chord  preserves  the 
remains  of  a  sensibility  endowed  by  the  Brain. 

Longet  here  places  an  observation  recorded  by  Beyer. 
A  new-born  infant,  whose  brain,  during  the  birth,  had 
been  completely  extirpated  (to  save  the  mother's  life), 
was  wrapped  in  a  towel,  and  placed  in  the  corner 
of  the  room,  as  a  lifeless  mass.  While  the  surgeon  was 
giving  all  his  care  to  the  mother,  he  heard  with  horror 

*  Wilson  Philip  :  Experimental  Inquiry  into  t/te  Laws  of  the  Vital 
■Functions,  pp.  209,  210. 
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a  kind  of  murmur  proceeding  from  the  spot  where  the 
body  had  been  placed.   In  three  minutes  a  distinct  cry 
was  heard.    The  towel  was  removed,  and,  to  the  sur- 
prise of  all,  this  brainless  infant  was  seen  struggling 
with  rapid  movement  of  its  arms  and  legs.    It  cried, 
and  gave  other  signs  of  sensibility  for  several  minutes.* 
In  1828,  Calmeil  arrived  at  the  same  conclusion  as 
that  reached  by  Legallois,  Wilson  Philip,  and  Lalle- 
mand.     Indeed  when,  in  1833,  the  Eeflex-Theory 
appeared,  this  opinion  was  so  firmly  rooted,  that  we 
find  Mr  Grainger  combating  it  as  the  established  error 
of  the  day.    He  takes  as  much  pains  to  show  that 
physiologists  are  wi'ong  in  attributing  sensation  to  the 
Spinal  Chord,  as  I  am  here  taking  to  show  that  they 
were  right. f    "  It  is,  indeed,  apparent,"  he  says, 
"that  the  whole  question  concerning  the  truth  or 
falsehood  of  the  theory  which  attributes  the  reflex 
power  to  the  Spinal  Chord,  hinges  upon  the  correct- 
ness or  incorrectness  of  the  received  doctrines  respect- 
ing the  seat  of  sensation  and  volition ;  so  that  until 
those  doctrines  are  proved  to  be  false,  it  is  impossible 
to  establish  the  hypothesis  of  Dr  Hall."  % 

The  reader  is  requested  to  take  note  of  this,  because 
when  we  come  to  the  evidence  which  proves  the  Spinal 
Chord  to  be  a  centre  of  sensation,  we  shall  find  that 
the  only  ground  for  rejecting  that  evidence  is  the 

*  LONGET :  Train  de  Phydologie,  ii.  105. 

t  He  cites  Cuvier,  Majendie,  Desmoulins,  and  Mayo  as  maintaiuing 
this  error. 

X  GkaiNger  :  Stmclure  and  Functions  ofiJie  Spinal  Chord,  p.  66. 
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assumed  truth  of  the  Eeflex-Theoiy,  coupled  with  tlic 
assuniptiou  of  the  Brain  beiug  the  exckisive  seat  of 
sensation.  Whereas  if  the  evidence  proves  that  the 
Spinal  Chord  is  a  sensational  centre,  then  the  Eeflex- 
Theory  is  destroyed,  and  cannot  be  urged  against  such 
evideuce. 

Thus  many  of  the  facts  which  prove  the  sensational 
function  of  the  Spinal  Chord  were  known,  and  even  a 
vague  conception  of  their  real  significance  was  general, 
until  the  Reflex-Theory  came  to  explain  all  such  facts 
as  the  results  of  mechanical  adjustment,  and  of  a  new 
nervous  principle  called  "  Reflexion."  For  twenty  years 
this  theory  has  reigned,  and  met  with  but  little  oppo- 
sition. Yet  the  true  doctrine  has  not  wanted  defenders 
in  Germany.  *Nasse*  denied  that  decapitated  animals 
showed  no  spontaneity,  and  asserted  that  they  ex- 
hibited clear  signs  of  mental  activity.  Carus  sarcastic- 
ally pointed  out  that  the  word  "  reflex  "  was  replacing 
"  irritability,"  as  a  key  to  unlock  all  puzzles  ;  and  he 
took  up  a  position  which  is  very  similar  to  the  one 
occupied  in  these  pages,  namely,  that  the  Spinal  Chord 
being  formed  of  grey  matter  as  well  as  of  fibres,  it 
must  have  sensibility  and  power  of  reacting  on  nervous 
stimulus,  no  less  than  conductibility  :  in  fact,  it  is  a 
centre,  and  must  act  like  all  other  nerve-centres.-f* 
J.  W.  Arnold  refuted  the  Reflex-Theory  in  a  very  re- 
markable little  work,  in  which  he  vindicates  the  claim 
of  the  Spinal  Chord  as  a  sensitive  and  motive  centre, 

*  Nasse  :    Unters.  zur  Physiologie  und  Palhologie,  vol.  ii.  part  2. 
+  C.\RUS :  ISyalem  der  Physiolofjie,  iii.  101. 
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although  denying  to  its  actions  any  volitional  character* 
This  was  in  1844.    Eleven  years  elapsed  without  any 
further  opposition,  when  Edward  Pfliiger,  in  1853, 
published  his  work  on  the  Sensorial  Functions  of  the 
Spinal  Chord.-f-    In  this  work  he  recurred  to  the  old 
views  of  Prochaska  and  Legallois  ;  but  although  he 
attacked  Marshall  Hall  with  merciless  severity,  he  did 
not  point  out  the  fundamental  error  of  the  Eeflex- 
Theory,  which  theory  he  seems  to  accept.    Nor  did  he 
give  his  views  that  philosophical  and  anatomical  basis 
which  could  alone  render  his  interpretations  acceptable. 
Added  to  this,  the  tone  of  asperity  in  which  his  work , 
was  written,  created  a  prejudice  against  him  ;  and  thus, 
while  many  admitted  his  facts,  all  rejected  his  conclu- 
sions. :j: 

In  1858  Professor  Owen  read  a  paper  of  mine  at  the 
Leeds  meeting  of  the  British  Association,  on  "The 
Spinal  Chord  as  a  Centre  of  Sensation  and  Volition," 
in  which  a  rapid  indication  of  my  point  of  view,  and 
an  account  of  some  experiments  to  illustrate  it,  were 
given — not,  I  believe,  conclusive  to  any  of  the  audi- 
ence. Indeed,  the  subject  was  too  vast  to  be  discussed 
in  such  a  paper ;  and  my  object  was  rather  to  excite 
new  inquiry,  than  to  make  converts  to  a  view  which 
could  only  be  embraced  after  a  thorough  reinvestigation 
of  the  dominant  theories. 

*  J.  W.  Arnold  :  Die  Lehre  von  der  Reflex-Function,  86. 
f  Pfluger  :  Die  sensorischen  Functioneii  des  Rucheninarks  der  Wir- 
lelildere. 

X  Except  AuERBACH,  who  repeated  and  varied  the  experiments ;  and 
FuNKE,  who  partially  adopted  the  conclusions  in  his  systema  tic  treatise 
on  Physiology. 
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111  1859  appeared  SchifF's  work,  to  wliich  so  many- 
references  have  already  been  made  ;*  and  here  we  find 
a  Large  space  allotted  to  the  discussion  of  PflUger's 
doctrine.  Schiff,  whose  immense  experience  as  an  ex- 
perimentalist, and  whose  aciiteness  and  caution,  every 
one  wUl  highly  estimate,  frankly  pronounces  in  favour 
of  the  sensational  character  of  spinal  actions  ;  but  he 
denies  that  they  are  volitional,  and  objects  strongly  to 
the  introduction  of  any  such  idea  as  that  of  "  psychical 
activity."  He  thinks  it  utterly  untenable  to  suppose 
that  impressions  have  reactions  in  the  brain  which 
they  have  not  in  the  Spinal  Chord  : — if  one  has  sensi- 
bilitj^  the  other  must  have  it ;  and  he  thinks  that,  so 
far  from  the  actions  of  the  chord  being  distinguishable 
from  those  of  the  Brain  by  the  character  of  "reflexion," 
and  depending  on  a  mechanical  arrangement  —  all 
actions,  cerebral  or  spinal,  are  reflex  ;  all  depend  on  a 
mechanical  arrangement. -f- 

From  this  sketch  of  the  history,  let  us  now  pass  to 
the  evidence  on  which  the  sensational  character  of  the 
Spinal  Chord  may  be  founded.  The  evidence  may  be 
considered  under  two  aspects — argument  and  experi- 
ment ;  deduction  and  induction. 

2.  The  Deductive  Evidence. — In  the  course  of  our 

'  SCHIFP  :  Lehrhvxh  der  Physiol.,  208. 

t  The  very  latest  writer  on  the  spinal  chord — Landry  :  Tmite  des 
Paralysies — maintains  that  it  is  a  centre  of  sensation,  and  that  there  is 
in  it  a  faculty  analogous  to  the  perception  and  judgment  of  the  brain. 
Compare  pp.  1 63  et  seq.  and  305.  He  also  cites  an  essay  by  Dr  Paton 
of  Edinburgh  {Edinburgh  Medical  Journal,  1846),  in  which  the  sensa- 
tional and  volitional  claims  of  the  spinal  chord  are  advanced. 
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inquiry  we  have  had  so  many  occasions  to  notice  in- 
cidentally the  various  points  of  the  deductive  evidence 
vs^hich  establishes  the  fundamental  similarity  of  the 
brain  and  chord,  that  it  will  not  be  necessary  here  to 
do  more  than  resume  them. 

Similarity  in  structure  implies  similarity  in  pro- 
perty ;  and  the  ganglionic  substance  of  the  Chord  being 
of  a  similar  structure  to  the  ganglionic  substance  of  the 
Brain,  there  must  necessarily  be  a  community  of  pro- 
pertyhetween  them.*  It  is  true  that  there  are  some  con- 
siderable differences  in  the  arrangement  of  the  tissues, 
in  the  cerebral  and  spinal  centres  ;  and  this,  at  first, 
might  raise  the  suspicion  that  the  properties  of  the  two 
would  correspondingly  differ.  But  the  nervous  system 
of  animals  reveals  that  the  mere  presence  of  neri^e- 
fibres  and  ganglionic  substance  is  all  that  is  requi- 
site for  the  production  of  sensibility  and  volition,  quite 

•  While  these  sheets  are  passing  through  the  press,  I  hare  read 
OwsJANNTKOW's  dissertation — BeMedullm  Spinalis  Textura — in  which 
he  briefly  but  distinctly  expresses  the  opinion  so  often  urged  in  these 
pages,  that  ganglionic  cells  must  everywhere  have  the  same  property ; 
and  the  brain,  being  nothing  but  a  mass  of  such  cells  and  fibres,  must 
resemble  every  other  mass  of  such  cells  and  fibres.  "Mihi  enim 
cerebrum  non  videtur  esse  nisi  massa,  imprimi,  ex  ingenti  cellularum 
nei-vearum  numero  fibrisque  ex  ilUs  originem  ducentibus,  composita. 
Itaque  in  hisce  ceUulis  altiores  functiones  tum  corporis  tum  animi 
repositte  sunt.  Quce  cellulce  utrum  in  unam  catervam,  pliiresve  easqvc 
majores  coUedce  sini,  auper  totum  corpw  dispersce  reperiantur,  tanti  non 
interest,  dummodo  facultas,  qua  prceditm  sunt,  eadem  mancat," — p.  9.3. 
If  the  anatomical  fact  announced  by  him  at  page  17  should  be  esta- 
blished—namely, that  the  same  cell  by  its  two  processes  is  the  origin 
of  both  anterior  and  posterior  fibres— it  would  complete  my  view  of  the 
identity  of  the  so-called  sensory  and  motor  nerves.  But  although  the 
fact  would  suit  my  theory,  I  cannot  convince  myself  of  its  accuracy. 
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irrespective  of  any  arrangement  of  these  elements.  And 
further,  we  know  that  the  IMedulla  Oblongata  is  a  seat 
of  Sensibility,  yet  the  arrangement  of  its  elements  is 
extremely  unlike  that  of  the  Brain. 

It  has  already  been  seen  that  "the  Medulla  Oblongata 
is  acbnitted  by  physiologists  to  be  a  seat  of  sensibility. 
But  we  have  also  seen  that  this  Medulla  is  a  part  of  the 
Spinal  Chord,  having  the  same  constituent  parts,  with 
a  surplus  of  grey  matter,  the  two  forming  one  indistin- 
guishable whole.*  The  Medulla  is  as  much  a  part  of 
the  Spinal  Chord  as  the  skull  is  a  part  of  the  cranio- 
spinal axis.  No  anatomist  now  finds  any  difficulty  in 
conceiving  how  the  various  separate  bones  which  con- 
stitute the  vertebral  column  may  differ  so  widely  in 
form,  as  at  one  end  to  become  a  tad,  and  at  the  other 
a  skull ;  nor  does  he  for  an  instant  suppose  that  the 
jjroperties  of  these  bones  diflfer  at  one  end  of  the 
column  and  the  other  ;  nor  that  the  functions  or  uses 
of  these  bones — protecting  the  enclosed  nerve-centres, 
and  affording  attachment  to  muscles — are  not  funda- 
mentally similar.  A  man  would  incur  ridicide  if  he 
were  to  assert  that  the  osfrontis  was  essentially  unlike 
the  OS  coccygis,  in  properties  as  bone.  Yet  men  do  not 
scruple  to  maintain  that  the  upper  part  of  the  Spinal 
Chord  has  the  property  of  Sensibility,  which  they  deny 
to  the  lower  part ;  although  the  diflference  between  the 

*  If  any  one,  misled  by  certain  unimportant  differences,  is  inclined 
to  dispute  this  identity  of  the  Medulla  and  the  Chord,  he  is  recom- 
mended to  study  the  comparative  anatomy  of  the  cerebro-spinal  axis, 
and  he  will  find  on  reaching  the  frog,  triton,  lizard,  and  probably  all 
other  reptiles,  that  all  trace  of  the  Medulla  as  a  district  organ  has 
disappeared  :  it  is  then  nothing  but  the  upper  part  of  the  chord. 
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two  is  merely  one  of  form,  and  is  considerably  less 
than  the  difference  between  two  bones.  No  one  is 
bold  enough  to  assert  that  the  upper  part  of  a  muscle 
is  contractile,  while  the  lower  part  is  not  so  at  all. 
Yet  this  is  really  very  little  more  than  asserting  that 
the  Medulla  has  sensibility,  but  the  Spinal  Chord  has 
none. 

Mr  Grainger  is  the  only  writer  whom  I  can  remem- 
ber to  have  avoided  this  grave  logical  error.  He  main- 
tains, and  justly,  that  the  difference  between  the 
Medulla  and  the  chord  is  one  of  degree  only,  not  of 
land;  and  it  is  on  this  ground  that  he  denies  the 
Medulla  to  be  a  seat  of  sensation,  because  the  chord, 
he  thinks,  is  proved  not  to  be  sensitive.  I  hold  that 
both  are  seats  of  sensation  ;  or  else,  as  he  says,  that 
neither  is. 

The  only  ground  for  denying  that  the  actions  of 
decapitated  animals  are  determined  by  sensation,  is 
because  the  Brain,  or  encephalon,  is  believed  to  be  the 
sole  seat  of  sensation.  To  explain  the  resemblance 
between  the  actions  of  animals  with  and  without  their 
brains,  a  theory  is  invented,  which  says  :  These  actions 
are  reflex  ;  but  in  the  uninjured  animal  there  is  reflex- 
action  plus  the  transmission  of  an  impression  to  the 
brain,  and  it  is  this  which  produces  sensation  ;  in  the 
headless  animal  we  see  reflex-action,  minus  the  trans- 
mission to  the  Brain. 

As  a  logical  deduction  from  the  assimiption  that 
only  the  brain  can  be  the  seat  of  sensation,  this  theory 
is  perfect.    Unhappily  for  it,  the  facts  contradict  the 
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assumption  ;  they  show  that  sensation  and  volition 
are  manifested  where  there  is  no  Brain.  Moreover, 
the  assumption  of  reflex-action  taking  place  without 
sensation,  is  made  on  a  false  analogy  of  the  vital 
mechanism  with  an  ordinary  mechanism.  When  facts 
show,  as  we  shall  presently  see,  that  decapitated  ani- 
mals manifest  the  same  kind  of  evidence  of  sensation 
and  volition,  as  is  manifested  by  the  same  animals 
with  their  heads  on,  the  assumption  that  they  cannot 
feel,  because  their  heads  are  off,  is  rather  arbitrary. 

A  gentleman  was  one  day  stoutly  asserting  that 
there  were  no  gold-fields  except  in  Mexico  and  Peru. 
A  nugget,  dug  up  in  California,  was  presented  to  him, 
as  evidence  against  his  positive  assertion.  He  was  not 
in  the  least  disconcerted.  "  This  metal,  sir,  is,  I  own, 
extremely  UJce  gold  ;  and  you  tell  me  that  it  passes 
as  such  in  the  market,  having  been  declared  by  the 
assayers  to  be  undistinguishable  from  the  precious 
metal.  All  this  I  will  not  dispute.  Nevertheless,  the 
metal  is  not  gold,  but  auruminium ;  it  cannot  be 
gold,  because  gold  comes  only  from  Mexico  and  Peru." 
In  vain  was  he  informed  that  the  geological  formation 
was  similar  in  California  and  Peru,  and  the  metals 
similar ;  he  had  fixed  in  his  mind  the  conclusion  that 
gold  existed  onl'i/  in  Mexico  and  Peru  :  this  was  a  law 
of  nature  ;  he  had  no  reasons  to  give  why  it  should  be 
so  ;  but  such  had  been  the  admitted  fact  for  many 
years,  and  from  it  he  would  not  swerve.  He  was  not 
fond  of  newfangled  notions,  which,  after  all,  would 
only  lead  us  back  to  the  exploded  errors  of  the  past. 
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To  accept  the  statement  that  gold  was  to  be  found 
elsewhere  than  in  Mexico  and  Peru,  would  be  to  return 
to  the  opinion  of  the  ancients,  who  thought  there  was 
gold  in  the  upper  regions  of  Tartary  ! 

Sensation  is  not  tangible,  assayable,  like  gold.  We 
can  understand,  therefore,  that  the  very  men  who  would 
make  merry  with  the  auruminium,  would  accept 
easily  such  a  phrase  as  "  reflex-action."  The  decapi- 
tated animal  defends  itself  against  injury,  gets  out  of 
the  way  of  annoyances,  cleans  itself,  performs  many  of 
its  ordinary  actions,  but  is  said  to  do  these  things 
without  that  Sensibility  which,  if  its  head  were  on, 
would  guide  them.  Even  before  the  Eeflex-Theory  was 
invented  this  line  of  argument  was  used.  GaU,  refer- 
ring to  the  experiments  of  Sue,  previously  noticed, 
says  that  "  Sue  confounds  the  effects  of  Irritability  witli 
those  of  Sensibility."*  Not  gold,  dear  sir,  but  auru- 
minium ! 

This  denial  of  sensation  to  the  decapitated  animal  is 
something  like  what  the  missionary  Williams  tells  us 
of  the  Pijian  philosophy.  The  body  of  a  dying  man  in 
Fiji  is  laid  out  several  hours  before  actual  death.  ,  "  I 
have  known  one  take  food  afterwards  ;  and  another 
who  lived  eighteen  hours  after.  All  this  time,  in  the 
opinion  of  a  Fijian,  the  man  was  dead.  Eating,  drink- 
ing, and  talking,  he  says,  are  the  involuntary  actions 
of  the  body — of  the  '  empty  shell,'  as  he  caUs  it — the 
soul  having  taken  its  departure."  -f- 

*  Gall  et  Spurzheim  :  A  nat.  et  Phi/siol.  du  Syslime  Nervexix,  i.  83. 
t  Williams  :  Fiji  and  lite  Fijians,  i.  88. 
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3.  The  Inductive  Evidence. — Wc  have  now  to  con- 
sider the  jji-oofs  furnished  by  observation.  In  using 
the  word  proof,  us  applied  to  such  investigations,  we 
must  be  understood  as  implying  the  kind  of  proof 
which,  in  the  nature  of  things,  can  be  had,  and  not 
the  kind  of  proof  to  be  had  in  physics,  or  chemistry. 
Scliiff  is  right  in  saying  that  no  demonstration  is  pos- 
sible in  such  cases.  Feeling  is  purely  subjective.  That 
others  feel,  as  we  feel,  is  to  us  a  matter  of  positive  con- 
viction, but  can  never  be  a  matter  of  demonstration. 
We  conclude  that  other  men  feel,  as  we  feel,  because 
they  act  as  we  act.  This  conclusion  is  extended  to 
animals  :  the  resemblance  of  their  acts  to  our  own, 
under  similar  conditions,  forces  on  us  the  conviction 
that  they  also  resemble  us  in  feeling.  This  conclusion, 
although  purely  inductive,  is  so  strong  that  there  are 
few  theorists,  even  for  the  sake  of  a  theory,  who  can 
believe  animals  to  be  machines  destitute  of  all  sensa- 
tion. Nevertheless,  we  have  no  proof,  rigorously  speak- 
ing, that  any  animal  feels  ;  none  that  any  human  being 
feels  ;  we  conclude  that  men  feel,  from  certain  external 
manifestations,  which  resemble  om  own,  under  feel- 
ing; and  we  conclude  that  animals  feel — on  similar 
grounds. 

Now,  inasmuch  as  the  actions  of  animals  furnish  us 
with  our  sole  evidence  for  the  belief  in  their  feeling,  and 
this  evidence  is  universally  considered  as  scientifically 
valid,  it  is  clear  that  similar  actions  in  decapitated  ani- 
mals will  be  equally  valid  ;  and  when  I  speak  of  proof,  it 
is  in  this  sense.   Spontaneity  and  choice  are  two  signs 
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■whicli  we  all  accept  as  coBclusive  .  of  sensation  and 
voKtion.    The  dog  rising  from  the  ground,  and  walk- 
ing away,  not  being  called  or  driven  away,  is  jiLstly 
supposed  to  manifest  spontaneity  and  volition.    He  is  . 
doubtless  moved  by  some  internal  stimulus,  of  sensa- 
tion or  idea ;  but  because  the  stimulus  is  not  external, 
we  call  the  action  spontaneous.  No  action  can  be  self- 
determined.    The  law  of  Causation  forces  us  to  assume 
that  every  action  is  preceded  by  some  stimulus,  inter- 
nal or  external.    Without  entering  on  a  metaphysical 
discussion  of  spontaneity,  we  may  conveniently  class 
aU  actions  which  are  determined  by  some  internal 
stimulus,  sensational  or  ideational,  as  spontaneous,  in 
distinction  from  actions  determined  by  some  external 
stimulus :  the  dog  leaps  from  a  chair  spontaneously ; 
but  when  pushed  from  it,  the  aption  is  not  spon- 
taneous. 

Choice  is  another  sign  peculiar  to  conscious  organ- 
isms. In  a  mechanism,  without  sensation  to  determine 
its  actions,  there  is 'absolute  uniformity:  the  same 
note  always  responds  to  the  same  key,  the  same  wheels 
are  set  going  in  the  same  order ;  there  is  no  suspen- 
sion of  one  com-se  of  action,  and  substitution  of 
another,  such  as  we  observe  in  the  vital  mechanism. 
It  is  difiacult  to  determine  what  choice  is,  but  if  we 
say  that  whenever  an  animal  brings  new  actions  into 
play,  to  accomplish  an  end  which  it  has  previously 
missed,  whenever  it  ceases  one  set  of  actions,  and  sub- 
stitutes several  others,  until  a  successful  issue  is  reached, 
it  manifests  volition.    Indeed  this,  as  we  previously 
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saw,  constitutes  a  voluntary  action.  Philosophers  have 
not  yet  agreed  on  the  nature  of  volition  ;  but  all  men 
will  admit  that  when  they  observe  a  monkey,  who  has 
burnt  his  paws,  seize  an  unsuspecting  cat,  and  with 
her  paws  reach  the  chestnuts,  a  voluntary  action  is 
before  them.  If  a  tickling  in  your  throat  excites  the 
action  of  coughing,  and  when  this  coughing  does  not 
succeed,  if  you  swallow  some  water,  this  choice  of 
new  means  is  assuredly  the  sign  of  a  voluntary  act. 

Thus,  escaping  from  all  metaphysical  ambiguities, 
we  may  assume  that  spontaneity  and  choice  are  two 
palpable  signs  by  which  to  recog-nise  the  presence  of 
sensation  and  volition.  Without  pretending  to  know 
what  takes  place  within  an  animal,  we  may  feel  confi- 
dent that  if  its  actions  manifest  spontaneity  and  choice, 
they  are  not  the  mere  results  of  mechanical  adjust- 
ment, but  have  in  them  the  elements  of  sensation  and 
volition.  Our  task,  then,  is  to  ascertain  whether  ani- 
mals, after  decapitation,  manifest  these  palpable  signs. 

It  is  emphatically  asserted  by  the  advocates  of  the 
Keflex- Theory  that  spontaneity  is  utterly  absent  in 
decapitated  animals.*  This  statement  I  have  already 
shown  to  be  erroneous  (p.  184) ;  but  I  will  here  add 
further  evidence.  I  decapitated  a  toad  and  a  triton  ; 
and  merely  divided  the  spinal  chord  of  a  frog  and 
another  triton.  The  four  were  placed  in  the  same 
pan.  At  first  the  spontaneous  movements  of  the  deca- 
pitated pair  were  insignificant ;  but  on  the  second  day 
the  headless  toad  was  quite  as  lively  and  restless  as 
*  Marshall  Hall  :  New  Memoir,  35.    Grainger,  149. 
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the  froff  with  a  head  :  and  the  headless  triton  little 
less  so  than  his  companion  with  a  head.    I  have  at 
this  moment  a  frog  whose  chord  has  been  divided 
for  some  weeks  :  he  remains  almost  immovable  unless 
touched ;  he  is  generally  found  in  the  same  spot,  and 
in  the  same  attitude  to-day  as  yesterday,  unless  touched, 
or  the  table  is  shaken.    I  notice  that  he  occasionally 
moves  one  of  his  fore-legs  ;  occasionally  one  of  his 
hind-legs  ;  but  without  changing  his  position.    If  he 
were  headless,  this  quiescence  would  be  cited  as  a  preof 
of  the  absence  of  spontaneity;  whereas  I  have  had 
a  headless  companion  with  him,  who  very  frequently 
moved  about. 

It  should  be  observed  that  an  animal  without  its 
.  head  is  without  the  various  stimuli  which  can  be 
received  through  sight,  smell,  and  hearing,  each  of 
which  wiU  determine  movements ;  it  is  therefore 
necessarily  quiescent,  unless  some  of  its  visceral  sen- 
sations stimulate  it.  And  it  is  to  the  variety  of  states 
which  may  be  determined  by  changes  in  the  circu- 
lation, and  the  conditions  of  the  viscera,  that  the  great 
variety  in  the  actions  of  decapitated  animals  must 
be  attributed.  Some  never  move,  but  die  quietly  on 
the  spot  where  they  were  left ;  others  are  restless  ; 
others  move  occasionally.  Nevertheless  I  afl&rm  that 
attentive  and  repeated  examination  of  decapitated  ani- 
mals will  furnish  abundant  evidence  of  spontaneous 
action.* 

•  Landry  :  Traits  des  Paralysies,  p.  305,  also  believes  the  Spinal 
Chord  to  originate  spontaneotis  movements. 
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Let  us  now  pass  on  to  choice.  PLace  a  child  of  two 
or  thi-ee  years  old  upon  his  back,  and  tickle  his  right 
cheek  with  a  feather.  He  will  probably  move  his  head 
away.  Continue  tickling,  and  he  will  rub  the  spot 
with  his  right  hand,  never  using  the  left  hand  for  the 
right  cheek,  so  long  as  the  right  hand  is  free ;  but  if 
you  hold  his  right  hand,  he  will  use  the  left.  Does 
any  one  dispute  the  voluntary  character  of  these 
actions  ? 

Now  contrast  the  actions  of  the  sleeping  child  under 
similar  circumstances,  and  their  sequence  will  be  pre- 
cisely similar.    This  contrast  is  the  more  illustrative, 
because  physiologists  generally  assume  that  in  sleep 
consciousness  and  volition  are  suspended.    "  The  brain 
sleeps,  the  spinal  chord  never;  volition  and  sensation'' 
may  be  suspended,  but  not  reflex-action."    This  pro- 
position is  extremely  questionable  ;  yet  it  is  indispen- 
sable to  the  reflex-theory ;  because  unless  sensation  and 
volition  are  suspended  during  sleep,  we  must  admit 
that  they  can  act,  without  at  the  same  time  calling 
into  activity  that  cerebral  sensibility,  which,  in  ordi- 
nary language,  is  supposed  to  constitute  aU  conscious- 
ness.   The  child  moves  in  his  sleep,  defends  himself 
in  his  sleep  ;  but  he  is  not  "aware"  of  it :  that  is  to 
say,  the  actions  are  not  combined  with  those  cerebral  ' 
sensibiKties,  which  would  come  into  play  in  waking 
moments.     The  spinal  sensibility  acts  without  the 
cerebral  sensibHity ;  but  the  actions  are  nevertheless 
determined  by  sensation  and  volition. 

"  ChUdren,"  says  Pfluger,  "  sleep  more  soundly  than 
VOL.  n.  „ 
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adults,  and  seem  to  be  more  sensitive  in  sleep.  I 
tickled  the  right  nostril  of  a  three-year- old  boy.  He 
at  once  raised  his  right  hand  to  push  me  away,  and 
then  rubbed  the  place.    When  I  tickled  his  left  nos- 
tril he  raised  the  left  hand.    I  then  softly  drew  both 
arms  down,  and  laid  them  close  to  the  body,  imbed- 
ding the  left  arm  in  the  clothes,  and  placing  on  it 
a  piUow,  by  gentle  pressure  on  which  I  could  keep 
the  arm  down  without  awakening  him.    Having  done 
this  I  tickled  his  left  nostrU.    He  at  once  began  to 
move  the  imprisoned  arm,  but  could  not  reach  his  face 
Avith  it,  because  I  held  it  firmly  though  gently  down. 
He  now  drew  his  head  aside,  and  I  continued  tickling, 
whereupon  he  raised  the  right  hand,  and  with  it  rub- 
bed the  left  nostril— an  action  he  never  performed 
when  the  left  hand  was  free." 

This  simple  but  ingenious  experiment  establishes 
•  one  important  point,  namely,  that  the  so-called  reflex- 
actions  observed  in  sleep  are  determined  by  sensation 
and  volition.    The  sleeping  child  behaves  exactly  as 
the  waking  child  behaved ;  the  only  difference  being  in 
the  energy  and  rapidity  of  the  actions.    If  the  waking 
child  felt  and  wiUed,  surely  the  sleeping  child,  when  it 
performed  precisely  similar  actions,  cannot  be  said  to 
have  felt  nothing,  willed  nothing?    It  is  not  at  one 
moment  a  conscious  organism,  and  at  the  next  an 
unconscious  mechanism. 

It  is  possible  to  meet  this  case  by  assuming  that 
the  child  was  nearly  awake,  and  that  a  dim  conscious- 
ness was  aroused  by  the  tickling,  so  that  the  cerebral 
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activity  was  in  foct  awakened.  But,  plausible  as  this 
explanation  may  be,  it  altogether  fails  when  we  come 
to  experiments  on  decapitated  animals.  If  any  one 
will  institute  a  series  of  such  experiments,  taking  care 
to  compare  the  actions  of  the  animal  before  and  after 
decapitation,  he  will  perceive  that  there  is  no  more 
difference  between  them  than  between  those  of  the 
sleeping  and  the  waking  child.* 

The  following  may  serve  as  a  sample :  I  placed  a 
large  and  very  vigorous  triton  in  an  empty  cigar-box, 
and  noted  down  in  my  note-book  the  various  actions 
it  performed.  After  running  about,  and  vainly  try- 
ing to  escape,  it  seemed  to  resigii  itself  to  its  prison, 
and  with  the  apathy  characteristic  of  these  creatures, 
remained  quite  motionless  for  some  time.  While  thus 
resting,  it  occasionally  moved  its  tail,  or  raised  its 
head,  and  turned  it  round.  Then  it  took  a  single 
step  forwards,  and  stood  still  again.  It  then  moved 
three  steps  forward,  and  rested.  I  touched  its  foot 
gently  with  the  scissors,  and  the  foot  was  slowly  with- 
drawn, but  the  animal  never  moved.  I  touched  it 
three  times  rapidly,  but  gently,  and  this  produced  a 
slow  crawl.    I  pressed  the  scissors,  and  it  at  once 

*  It  is  better  simply  to  remove  tlie  brain,  than  to  remove  the  whole 
head,  which  causes  a  serious  loss  of  blood.  An.  etherised  animal  may- 
be operated  on  with  ease  and  accuracy.  For  many  experiments,  mere 
division  of  the  spinal  chord  is  better  than  decapitation.  Great  varia- 
tions in  the  results  must  be  expected,  because  the  condition  of  the 
animal,  its  age  and  sex— whether  fasting  or  digesting— whether  the 
season  be  spring  or  summer— and  a  hundred  other  causes,  complicate 
the  experiment. 
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started  off  in  a  rapid  run.    I  next  touched  its  flank 
with  acetic  acid.    It  ran  about  manifesting  great  dis- 
comfort, but  stowed  no  intention  of  rubbing  the  acid 
.  away  with  its  foot— as  the  frog  always  does— indeed 
it  seemed  as  unable  to  protect  itself  against  the 
unpleasant  sensation,  as  a  baby  is  when  a  needle  in 
its  frock  is  pricking  it :  the  pain  produced  a  general 
agitation,  but  no  voluntary  act.    At  length,  however, 
on  a  second  application  of  acid,  while  running  about, 
its  flank  came  accidentally  in  contact  with  the  side  of 
the  box,  and  the  sensation  seemed  to  guide  the  animal 
to  a  voluntary  act,  for  it  now  continued  crawling 
along,  rubbing  its  flank  against  the  rough  wood,  until 
the  acid  was  all  rubbed  off,  or  the  sensation  had 
abated.    Here  was  the  link  of  feeUng— the  contin- 
uance of  an  action  once  begun  — which  we  have 
already  seen  to  characterise  voluntary  actions. 

I  now  cut  off  its  head,  at  the  articulation  of  the 
occiput  with  the  atias,  sparing  the  lower  jaw,  to  save 
the  loss  of  blood.    It  dropped  on  the  left  side,  with 
the  fore-legs  pressed  close  to  its  body.  Three-and- 
twenty  minutes  after  the  operation,  it  began  to  move 
the  left  hind-leg  feebly ;  still,  however,  lying  on  its 
side.  Four  minutes  after,  the  right  leg  began  to  move. 
Presently  it  rose  on  all  fours,  and  turned  round  the 
remnant  of  its  head,  raising  it  also  in  the  air,  as  if  seek- 
ing something.    It  then  relapsed  into  motionlessness. 
After  eighteen  minutes  of  rest  it  once  more  raised  neck 
and  shoulders,  and  began  to  move  forward.  After 
a  pause  the  tail  began  to  move  backwards  and  forwards. 
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It  then  crawled  two  steps.    Fiiically  its  movements 
became  sufficiently  energetic  for  it  to  crawl  a  distance 
of  two  inches  without  pausing.    Having  allowed  it  to 
recover  itself,  I  repeated  the  tests  of  sensibility,  which 
had  been  employed  before  decapitation.    The  reactions 
were  precisely  similar.    When  the  foot  was  gently 
touched,  it  was  languidly  withdrawn  ;  when  irritated, 
the  animal  moved ;  when  the  foot  was  pressed  on  by 
the  scissors,  an  energetic  movement  followed  ;  and 
when  acetic  acid  was  applied,  the  animal  almost  ran. 
I  now  waited  half  an  hour,  and  then  touched  its  flank 
with  acetic  acid ;  as  on  the  former  occasion,  this  made 
it  very  agitated ;  but  its  movements  were  disorderly, 
and  helpless.    In  vain  I  watched,  expecting  to  see  it 
rub  its  flank  against  the  side  of  the  box ;  it  curled  " 
itself  in  the  centre,  and  there  writhed.    I  now  gently 
pushed  it  towards  the  side,  but  it  remained  motionless  ; 
when,  however,  I  slowly  pushed  it  forwards,  so  that  its 
flank  might  rub  the  side,  the  "sensational  link"  seemed 
established,  for  the  animal  now  crawled  slowly  along, 
pausing  at  intervals,  its  body  curved  inwards  towards 
the  wood,  and  thus  rubbed  the  acid  away.* 

The  evidence  of  spontaneity  and  choice,  of  sensibil- 
ity and  volition,  is  unmistakable  in  the  foregoing  case. 
Even  more  striking  is  the  following  experiment,  devised 
by  Pfluger,  which  I  have  verified,  and  varied,  many 
times  :  A  frog  is  decapitated,  or,  better  still,  its  brain 

*  This  was  the  only  triton  I  ever  observed  to  get  rid  of  the  acid  by 
rubbing  its  body  against  anytbing  accidentally  coming  in  contact  with 
It ;  but  this  one  did  so  almost  as  well  without  as  with  its  bead. 
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is  removed.    Wlien  it  has  recovered  from  the  effect  of 
the  ether,  and  manifests  lively  sensibility,  we  place  it 
on  its  back,  and  touch,  with  acetic  acid,  the  skin  of  its 
thigh  (just  above  the  condylus  internus  femoris).  Let 
the  reader  imagine  his  own  shoulder  burnt  at  the  point 
where  it  can  be  reached  with  the  thumb  of  the  same 
arm,  and  he  will  realise  the  operation.    No  sooner  does 
the  acid  begin  to  burn,  than  the  frog  stretches  out  the 
other  leg,  so  that  its  body  is  somewhat  drawn  towards 
it.    The  leg  that  has  been  burnt  is  now  bent,  and  the 
back  of  the  foot  is  applied  to  the  spot,  rubbing  the  acid 
away— just  as  your  thumb  might  rub  your  shoulder. 
This  is  very  like  the  action  of  the  tickled  child,  who 
always  uses  the  right  hand  to  rub  the  right  cheek,  un- 
less it  be  held ;  but  when  the  child's  right  hand  is  pre- 
vented from  rubbing,  the  left  will  be  employed ;  and 
precisely  this  do  we  observe  with  the  brainless  frog  : 
prevent  it  from  using  its  right  leg,  and  it  wiR  use  its 
left! 

To  show  this  we  decapitate  another  frog,  and  cut  off 
the  foot  of  the  leg  we  are  to  irritate.    No  sooner  is  the 
acid  applied,  than  the  leg  is  bent  as  before,  and  the 
stump  is  moved  to  and  fro,  as  if  to  rub  away  the  acid. 
But  the  add  is  not  rubbed  away,  and  the  animal  be- 
comes restless,  as  if  trying  to  hit  upon  some  other 
'  plan  for  freeing  himself  of  the  irritation.    And  it  is 
worthy  of  remark  that  he  often  hits  upon  plans  very 
similar  to  those  which  an  intelligent  human  being 
adopts  under  similar  circumstances.    Thus,  the  irrita- 
tion continuing,  he  will  sometimes  cease  the  vain  efforts 
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with  his  stump,  and  stretching  that  leg  straight  out, 
bends  the  other  leg  over  towards  the  irritated  s^Dot,  and 
rubs  the  acid  away.  But,  to  show  how  far  this  action 
is  from  one  of  unconscious  mechanism,  how  far  it  is 
from  being  a  direct  reflex  of  an  impression  on  a  group 
of  muscles,  the  frog  does  not  always  hit  even  on  this 
plan.  Sometimes  it  bends  its  irritated  leg  more  ener- 
getically, and  likewise  bends  the  body  towards  it,  so  as 
to  permit  the  spot  to  be  rubbed  against  the  flank— just 
as  the  child,  when  both  his  hands  are  held,  will  bend 
his  cheek  towards  his  shoulder  and  rub  it  there. 

It  is  diflScult  to  resist  such  evidence  of  choice  as  is 
here  manifested.  The  brainless  frog  .chooses  a  new 
plan  when  the  old  one  fails,  just  as  the  waking  child 
chooses.  And  an  illustration  of  how  sensations  guide 
and  determine  movements,  may  be  seen  in  another  ob- 
servation of  the  brainless  frog,  when,  as  often  happens, 
it  does  not  hit  upon  either  of  the  plans  just  mentioned, 
but  remains  apparently  restless  and  helpless ;  if  under 
these  circumstances  we  perform  a  part  of  the  action 
for  it,  it  will  complete  what  we  have  begun  :  if  we  rub 
the  irritated  leg,  at  some  distance  from  the  spot  where 
the  acid  is,  with  the  foot  of  the  other,  the  frog  sud- 
denly avails  itself  of  this  guiding  sensation,  and  at 
once  directs  its  foot  to  the  irritated  spot. 

In  these  experiments  on  the  triton  and  the  frog,  the 
evidence  of  sensation  and  volition  is  all  the  stronger, 
because  the  reactions  produced  by  irritations  are  not 
uniform.  If  when  a  decapitated  animal  were  stimu- 
lated it  always  reacted  in  precisely  the  same  way,  and 
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never  cliose  new  means  on  the  failure  of  the  old,  it 
would  be  conceivable  to  attribute  the  results  to  simple 
reflex-action — i.  e.,  the  mechanical  transference  of  an 
impulse  along  a  prescribed  path.  It  is  possible  so  to 
conceive  the  breathing,  or  the  swallowing  mechanism  : 
the  impression  may  be  directly  reflected  on  certain 
groups  of  muscles.  But  I  cannot  conceive  a  machine 
suddenly  striking  out  new  methods,  when  the  old 
methods  fail.  I  cannot  conceive  a  machine  thrown 
into  disorder  when  its  accustomed  actions  fail,  and  ui 
this  disorder  suddenly  lighting  upon  an  action  liielj^ 
to  succeed,  and  continuing  that ;  but  I  can  conceive 
this  to  be  done  by  an  organism,  for  my  own  experience 
and  observation  of  animals  assures  me  that  this  is 
always  the  way  new  lines  of  action  are  adopted  (see 
p.  209).  And  this  which  is  observed  of  the  sentient, 
conscious  animal,  I  have  just  shown  to  be  observed  of 
the  brainless  animal ;  wherefore  the  conclusion  is,  that 
if  ever  the  frog  is  sentient,  if  ever  its  actions  are  guided 
by  sensation,  they  are  so  when  its  brain  is  removed. 
Ergo  the  Spinal  Chord  is  a  sentient  centre. 

Schroeder  van  der  Kolk  thinks  that  Pfliiger  was 
deceived  in  attributing  sensation  and  volition  to  the 
frog,  because  the  reflex-actions  are,  he  says,  so  nicely 
adapted  to  their  ends,  that  they  are  undistinguishable 
from  voluntary  actions.  The  mechanism  is  such  that, 
by  means  of  the  communications  established  between 
various  groups  of  cells,  all  these  actions  adapted  to  an 
end  may  be  excited  by  every  stimulus.  But  I  deny 
the  fact.     I  deny  that  all  the  actions  are  awakened 
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by  every  stimulus.  Only  some  few  are  awakened,  and 
those  are  not  always  the  same,  nor  do  they  follow 
the  same  order  of  succession.  One  decapitated  frog 
does  not  behave  exactly  like  another  ;  does  not  be- 
have exactly  lilce  hunself  on  different  occasions ;  but,  on 
the  contrary,  exliibits  great  variety  in  his  actions ; 
and,  above  all,  exhibits  spontaneity  and  choice  in  his 
actions. 

For  a  proper  comparison  of  cerebral  with  sj)inal 
sensibility,  the  following  experiment  is  well  adapted  : 
I  divided  the  spinal  chord  of  a  triton  as  at  Fig.  62. 


Fig.  G2. 


Triton  with  Spinal  Chord  divided. 


Had  a  physiologist  been  present,  when  the  animal 
recovered,  he  would  have  noticed,  as  a  confirmation 
of  the  reflex-theory,  that  when  the  animal  crawled,  it 
dragged  its  hinder  legs,  and  indeed  the  whole  of  the 
segment  B,  like  a  log  after  it ;  yet  when  the  segment 
B  was  touched,  the  tail,  or  legs,  moved.  "  Here,"  he 
woidd  say,*  "  you  perceive  all  voluntary  movement  in 
segment  B  is  paralysed ;  it  no  longer  responds  to  the 
mandates  of  the  brain;  yet  its  reflex-action  is  not 

*  Compcare  Flourens  :  Recherches,  p.  50. 
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destroyed ;  "prick  it,  and  this  segment,  incompetent  to 
obey  the  "will,  obeys  the  laws  of  reflex-action,  and 
moves.  All  sensibility,  you  perceive,  has  departed 
from  segment  B.  In  vain  you  prick  or  burn  it ;  the 
animal  feels  nothing,  as  you  assure  yourself  by  notic- 
ing the  complete  stiUness  of  the  segment  A." 

These  arguments,  which  may  be  found  in  number- 
less treatises,  seem  victoriously  conclusive,  till  we  dis- 
cover the  fallacy  involved  in  them.  The  cerebro-spinal 
axis  is  a  compound  centre  :  it  is  one,  only  in  the  sense 
that  a  government  or  army  is  one :  it  is  the  union  of 
several  individual  centres.  When  that  axis  is  divided, 
the  effective  unity  is  destroyed  :  instead  of  one  centre, 
two  centres  are  established ;  and  these  two,  being  no 
longer  united,  cannot  act  in  union,  but  must  act 
separately.  The  limbs  of  A  will  obey  the  volition  of 
A,  but  not  the  voHtion  of  B,  with  which  they  are  no 
lono-er  united.  Nor  will  the  Hmbs  of  B  obey  the  voli- 
tiou  of  A.  There  is  no  longer  one  seat  of  government, 
but  two  seats.  There  has  been  a  "repeal  of  the 
union."  Parliament  sits  in  Dublin,  as  well  as  in 
Westminster. 

Let  us,  with  this  new  light,  examine  the  pheno- 
mena. When  we  irritate  the  segment  A,  the  animal 
crawls ;  but  in  crawling,  it  is  only  A  that  is  active ; 
B  is  dragged  along,  does  not  voluntarily  move.  Why 
should  it  move,  unless  it  felt  a  stunulus  ?  But  we  irri- 
tate segment  B,  which  five  minutes  ago  seemed  so 
lifeless,  so  incapable  of  voluntary  movement ;  and 
instantly  the  legs  of  B  begin  the  crawling  action, 
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tuliile  A  remains  perfectly  motionless.  The  body  of 
the  animal  is  moved  sideways,  and  not  forwards, 
because  the  quiescence  of  the  head  and  shoulders  ren- 
ders forward  motion  impossible.  Still  the  indifference 
of  A  to  a  stimulus  ajDplied  to  B,  is  as  great  as  the 
indifference  of  B  formerly  was  to  the  stimulus  applied 
to  A  If  the  tail-end  was  said  to  be  deprived  of  volun- 
tary motion  and  sensibility,  because  it  was  separated 
from  the  brain,  and  would  not  feel  with  or  act  with 
the  fore-part  of  the  body ;  so  must  we  now  say,  that 
the  fore-part  of  the  body  is  deprived  of  voluntary 
motion  and  sensibility,  since  it  will  not  act  with,  or 
feel  with,  the  tail-end. 

In  fact,  division  of  the  cerebro-spinal  axis  is  tanta- 
mount to  a  division  of  the  animal  into  two  halves ; 
and  each  half  obeys  its  own  nerve-centres.  The  sol- 
diers under  Cromwell  do  not  obey  the  orders'  of 
Rupert,  nor  do  those  under  Eupert  obey  the  orders  of  - 
Cromwell.  But  the  soldiers  of  each  army  obey  their 
respective  generals.  It  is  thus  vsdth  the  triton  whose 
chord  has  been  divided :  each  half  moves  when  irri- 
tated, and  each  moves  independently  of  the  other. 
The  tail-end  gives  precisely  the  same  indication  of 
sensibility,  whether  united  with  the  brain,  or  separated 
from  it ;  and  it  gives  precisely  the  same  indication  as 
the  brain-end  gives. 

If  the  triton  be  watched  for  weeks,  the  truth  of 
this  will  become  irresistible.  Although  the  animal  is 
generally  quiet,  it  moves  spontaneously  the  segment  A, 
and  the  segment  B  ;  hut  never  together.    If  a  lighted 
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taper  be  brought  near  segment  A,  tlie  fore-legs  set  to 
work,  and  the  segment  crawls,  dragging  B  after  it. 
If  the  taper  be  brought  near  B,  the  hind-legs  set  to 
work,  and  the  segment  moves  sideways.  If  the  tail  be 
touched  or  gently  pinched,  it  curls  up  ;  if  the  hind-leg 
be  touched,  it  is  raised  in  the  air  ;  but  A  feels  nothing 
of  this,  and  therefore  does  not  move. 

It  should  be  observed  that  similar  facts  have  long 
been  known ;  but  since  the  Eeflex-Theory  has  been 
established  they  have  been  misinterpreted;  and  even 
before  that  epoch,  the  prejudice  in  favour  of  the  Brain 
as  the  sole  centre  of  volition,  was  so  strong,  that 
Mr  Mayo  could  thus  write  : — "  The  physiological  expe- 
riment of  making  separate  nervous  centres,  by  division 
of  the  spinal  marrow,  admits  of  explanation,  on  sup- 
posing ihe  principle  of  volition  to  continue  for  a  short 
period  extended  to  the  portions  separated  fi'om  the 
brain ;  a  conjecture  consistent  with,  perhaps,  but  far 
from  established  by,  the  very  curious  fact,  that  the 
convulsive  movement  of  the  leg  of  an  animal  thus 
circumstanced,  when  the  sole  of  the  foot  is  irritated, 
is  accurately  the  gesture  which  the  animal  employs 
when,  in  undisputed  possession  of  sensation,  it  retracts 
its  limb  from  a  similar  aggression,  and  not,  to  appear- 
ance at  least,  a  mere  convulsive  throe."  *    The  expla- 
nation faUs  to  the  ground,  when  we  learn  that  the 
same  phenomena  are  exhibited  weeks  and  months  after 
division  of  the  chord. 

Among  my  notes  of  observation  there  is  remarkable 

*  Mato  :  Anat.  and  Phys.  Commentaries,  1823,  part  ii.  p.  19. 
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evidence  of  volition  in  the  tail-half  of  a  triton  whose 
chord  had  been  divided.  It  was  lying,  high  and  dry, 
in  the  wooden  bowl  in  which  it  was  usually  kept,  the 
small  amount  of  water  having  almost  entirely  evapor- 
ated. I  poured  in  a  little  water,  slowly.  In  a  few 
seconds  after  the  water  had  reached  the  tail  and  one 
of  the  hind-feet,  the  whole  segment  B  began  to  move, 
the  legs  were  slowly  raised,  as  for  crawling,  the  back 
elevated,  and  thus  the  segment  sidled  into  the  water — 
the  segment  A  remaining  perfectly  motionless  all  this 
time.  The  volitional  character  of  this  action  was  the 
more  evident,  because,  had  the  act  been  purely  reflex, 
excited  by  contact  with  the  water,  and  not  by  a  sensa- 
tion, it  would  always  occur  when  water  touched  the 
skin,  whereas  I  had  several  times  before  added  water, 
when  the  triton  was  lying  high  and  dry,  but  never 
before  did  it  seek  the  water  with  its  hinder  segment. 

Once  clearly  apjDreheud  the  principle  here  expounded, 
namely,  that  division  of  the  chord  produces  two  inde- 
pendent centres,  and  all  the  recorded  facts  of  experi- 
ment and  pathology  receive  a  simple  explanation.  Mr 
Grainger  records  the  results  of  two  experiments  which 
deserve  mention  here.  He  removed  a  portion  of  the 
chord  in  a  very  young  rabbit :  "  The  pecuKar  fact  no- 
ticed was  that  from  time  to  time,  without  any  stimulus 
being  applied,  the  hind-legs  were  forcibly  and  repeatedly 
thrown  back,  as  if  the  animal  were  running  quickly  ; 
whilst  at  these  times  the  fore-limbs, which  were  still  under 
the  control  of  the  animal,  remained  motionless.  These 
movements  were  so  decided  and  so  long  continued,  that 
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it  would  have  been  difficult  to  have  rejected  the  idea 
of  sensation  and  volition  still  remaining  in  the  hinder- 
part  of  the  body,  if" — and  here  the  reader  is  particu- 
larly requested  to  follow  the  reasoning — "  if  it  had  not 
been  distinctly  observed  that  when  the  same  animal 
attempted  to  walk  it  could  only  move  its  two  fore- 
legs ;  by  whose  power  the  hinder  ones  and  the  trunk 
below  the  division  of  the  chord,  which  were  perfectly 
motionless,  were  dragged  along  the  table."  * 

Surely  the  reader  wUl  agree  with  me  that  the  facts 
by  no  means  bear  out  this  inference  ?  If,  as  we  have 
stated,  division  of  the  chord  establishes  two  independ- 
ent centres,  we  can  no  longer  expect  these  to  act  in 
unison.  When  the  hind-legs  were  agitated,  the  fore- 
legs were  motionless ;  when  the  fore-legs  moved,  the 
hind-legs  were  motionless.  After  relating  other  similar 
experiments,  Mr  Grainger  insists  on  the  motionlessness 
of  the  hinder  limbs,  adding,  "  Now,  as  the  very  idea 
of  volition  implies  a  perfect  control  over  any  muscle 
which  an  animal  may  wish  to  stimulate,  this  utter 
want  of  such  power  is  the  most  decisive  proof  which 
could  be  adduced  to  show  that  in  this  and  similar 
cases  the  empire  of  the  wUl  was  destroyed  by  the 
section  of  the  chord."  f 

This  decisive  proof,  however,  rests,  I  think,  on  a 
misconception.  The  animal  is  spoken  of  as  if  its 
organic  integrity  remained  after  division  of  its  chord ; 

*  Grainger,  p.  55. 

t  Compare  also  Marshall  Hall  :  PUlos.  Trans.,  1833,  p.  650, 
-  where  a  similar  fact  is  adduced  as  decisive. 
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whereas,  as  wc  have  seen,  division  of  tlic  cliord  is 
equivalent  to  cutting  the  animal  in  two  ;  and  no  one 
would  expect  the  muscles  of  the  separated  half  to  move 
in  ol^edience  to  the  brain  from  which  it  was  separated. 
The  body  of  an  animal  with  a  divided  chord  may  still 
be  one,  inasmuch  as  it  is  nourished  with  the  same 
food,  and  sustained  by  the  same  circulation  ;  but  the 
'  nervous  mechanism  is  no  longer  one ;  and  each  half 
of  the  body  is  regulated  by  its  own  centres. 

To  prove  this,  I  performed  the  following  experiment. 
A  triton,  whose  chord  had  been  divided  some  weeks, 
was  completely  cut  in  two.  The  head-half  immediately 
began  crawling  away  with  great  activity ;  which,  as 
this  half  contained  the  heart,  and  almost  all  the  viscera, 
was  not  surprising.  The  tail-half  remained  for  some 
time  in  a  standing  posture,  and  then  began  to  crawl 
forward.  After  three  steps  it  paused  ;  remained  cj^uiet 
during  five  minutes,  and  began  again,  but  feebly.  The 
tail  moved  spontaneously,  but  with  great  slovniess. 
When  it  was  touched,  both  tail  and  legs  moved.  I 
then  placed  it  under  a  glass,  with  a  moistened  sponge 
inside,  to  prevent  evaporation  from  the  skin,  and  left  it 
there  for  two  hours,  watching  its  spontaneous,  though 
very  languid,  movements. 

If  any  reader  remains  still  unconvinced,  I  can  only 
recommend  him  to  divide  the  spinal  chord  of  a  frog  a 
little  below  the  shoulders,  and  keep  the  animal  for 
some  days  or  weeks,*'  watching  it,  and  testing  its  Sen- 

*  Care  must  be  taken  to  prevent  water  getting  to  the  chord,  as  that 
soon  kills  the  animal. 
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sibility.  The  evidences  of  spontaneous  action,  and  of 
sensation,  exhibited  by  both  halves,  the  one  no  less 
than  the  other,  will  have  more  weight  than  pages  of 
argument.  Marshall  Hall  had  observed  some  of  these 
evidences,  observed  the  decapitated  animal  defending 
itself  variously  against  various  irritants,  but  his  inter- 
pretation of  what  he  observed,  is  not,  perhaps,  the 
most  convincing  of  inferences  :  "  The  design  in  all  this 
is  obvious,"  he  says  ;  "but  is  it  design  in  the  decapi- 
tated or  divided  animal  ?  Certainly  not ;  but  of  its 
omniscient  Creator !  It  coincides  with  what  woidd 
be  design  in  the  animal."  *  Now  of  two  things,  one : 
either  every  act  in  an  animal  must  be  the  design  of  its 
Creator :  in  which  case  sensation  and  volition  cannot 
endow  the  actions  of  the  perfect  animal  with  a  design 
already  endowed  ;  or  else  the  Creator  has  designed 
none  of  these  actions,  but  only  designed  that  a  sensi- 
tive mechanism  shall  execute  them  :  in  which  case  the 
actions  of  the  perfect  and  the  decapitated  animal 
being  found  to  coincide — being,  indeed,  undistiuguish- 
able  by  us — what  ground  have  we  for  assuming  that 
they  are  not  the  results  of  similar  causes  ? 

This  flying  to  design  for  refuge,  merely  to  save  an 
assumption,  reminds  me  of  objections  which  have 
sometimes  been  made  in  private.  When  I  have  nar- 
rated the  experiments  on  the  decapitated  frog,  I  have 
been  told  that  the  frog  whose  foot  had  been  ampu- 
tated, and  who  therefore  had  recourse  to  other  means  to 
get  rid  of  the  acid,/eZi  nothing :  "  He  did  it  all  from 

*  New  Memoir,  p.  31. 
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habit    It  was  instinct."    If  frogs  are  in  tlio  hcibit  of 
being  irritated  by  cbops  of  acetic  acid,  and  are  in  the 
habit  of  having  their  feet  amputated,  which  teaches 
them  to  seek  other  means  of  escape,  all  I  can  say  is, 
that  their  education  takes  place  in  other  ponds  than 
those  I  have  dredged.    Schroeder  van  der  Kolk  refers 
to  some  experiments  by  Szokalski,  on  puppies  and 
young  rabbits,  from  which  the  brain— e.,  the  cerebrum, 
cerebellum,  the  corpora  quadrigemina,  optic  thalami, 
and  corpora  striata — had  been  removed  ;  these  animals 
cried  out  when  their  tails  were  pinched,  rubbed  their 
noses  when  acids  were  applied,  and  made  swallowing 
movements  when  bitters  were  placed  in  their  mouths. 
"  Szokalski  thinks  these  were  instinctive  rather  than 
reflex  actions,"  says  Schroeder,  "  but  in  this  I  cannot 
agree  with  him."    What  was  meant  by  the  word  in- 
stinctive we.  are  left  to  guess ;  but  if  sensation  is  ex- 
cluded from  instinct,  and  if  sensation  is  excluded  from 
actions  such  as  those  of  the  brainless  puppy  and  rabbit, 
I  know  not  what  evidence  of  sensation  can  be  enter- 
tained. 

It  is  maintained  by  many  writers  that  the  actions  of 
walking  and  swimming  are  reflex— due  solely  to  the 
contact  of  the  sole  of  the  foot  with  the  ground  in 
walking,  and  the  contact  of  the  skin  with  the  water  in 
swimming.  The  impression  of  this  contact  is  reflected 
on  the  muscles  ;  but  no  sensation  originates,  or  guides 
the  actions.  My  experiments  do  not  confirm  this. 
When  I  touched  the  segment  A  (Fig.  61)  of  the  triton. 
it  dragged  the  segment  B  after  it ;  but  although  in  the 
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dragging  the  feet  of  B  were  rubbed  along  the  surface, 
they  very  rarely  set  going  the  walking  actions  :  some- 
times they  did  so  ;  but  contact  was  by  no  means  suffi- 
cient to  excite  this  action  ;  whereas  during  their  tran- 
sit, whUe  they  were  being  dragged  like  paralysed  limbs, 
a  prick,  or  a  pinch,  immediately  roused  them  into 
walking  movements.     I  placed  a  frog,  with  divided 
chord,  in  a  pan  of  water  ;  the  fore-legs  immediately  set 
going  an  energetic  swimming  action,  but  the  hind-legs 
remained  motionless,  although  they  too  were  in  contact 
with  the  water,  and  the  impression  ought  to  have  been 
reflected  on  their  muscles.    I  then  decapitated  another 
frog:  on  being  thrown  into  the  water  it  swam  vigor- 
ously with  both  fore  and  hind  legs.    Presently  it  ceased 
swimming,  and  floated  quietly  on  the  surface ;  but  on 
being  touched  again  began  swimming.    This  was  re- 
peated many  times.    It  shows  that  mere  contact  of 
the  water  is  not  enough  to  excite  swimming  actions  ; 
whereas  a  sensation  is  enougk    Claude  Bernard  found 
that  a  frog,  whose  skin  had  been  removed  from  all  its 
leo-s  swam  as  well  as  before.    But  when  the  whole 
skin  had  been  removed,  I  found  the  frog  capable,  in- 
deed, of  swimming,  since  its  power  of  muscular  adjust- 
ment was  unaff"ected,  but  making  no  attempt  to  swim. 

These  observations  respecting  the. sensibility  of  the 
Spinal  Chord  may  be  closed  with  the  following  fact 
recorded  by  Volkmann.  Young  rabbits  and  puppies 
when  taken  from  their  mothers,  manifest  their  discom- 
fort by  restless  movements;  the  puppies  also  whine. 
No  one  doubts  that  sensation  is  present  in  such  cases. 
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Now,  if  tlie  brain  be  removed  from  rabbits  and  puppies, 
precisely  similar  phenomena  are  observed,  when  these 
young  animals  are  taken  from  their  mothers.  "  I  ob- 
served the  motions,  which  seemed  the  result  of  discom- 
fort, quickly  cease  when  I  warmed  the  young  rabbit 
by  breathing  on  it.  After  a  while  it  was  completely 
at  rest,  and  seemed  sunk  in  deep  sleep  ;  occasionally, 
however,  it  moved  one  of  its  legs  without  any  external 
stimulus  having  been  applied,  and  this  not  spasmodic- 
ally, but  in  the  manner  of  a  sleeping  animal."  *  Is 
this  cessation  of  the  restlessness,  when  warmth  is 
restored,  not  evidence  of  sensation  ?  We  see  an  infant 
restless,  struggUng,  and  squalling  ;  and  we  believe  that 
it  is  hungry,  or  that  some  other  sensations  agitate  it ; 
it  is  put  to  the  breast,  and  its  squalls  subside  ;  or  a 
finger  is  placed  in  its  mouth,  and  it  sucks  that,  in  a 
peaceful  lull,  for  a  few  moments,  to  recommence  squall- 
ing when  the  finger  yields  no  satisfaction.  If  we  accept 
these  as  signs  of  sensation,  I  do  not  see  how  we  can 
deny  such  sensation  to  the  brainless  infant,  or  animal 
which  will  also  cease  to  cry,  and  will  suck  the  delusive 
finger  ! 

VII.  Evidence  against  the  Sensibility  of  the 
Spinal  Choed.— Having  at  some  length  adduced  the 
evidence  which,  to  my  mind,  is  conclusive  in  favour  of 
the  sensibility  of  the  Spinal  Chord,  it  is  now  necessary 
to  examine  the  evidence  which  can  be  adduced  against 
it.    "We  have  already  seen  that  the  main  argument 

*  VoLKMANN,  quoted  by  Pfluger. 
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against  it  has  been  drawn  from  the  universal  precon- 
ception of  the  Brain  being  the  exclusive  sensorium  ; 
and  we  have  also  seen  that  this  begs  the  question. 
Another  argument  has  been  drawn  from  the  indisput- 
able fact  that  many  actions  take  place  without  awaken- 
ing any  distinct  "  consciousness  "  or  attention — these 
are,  breathing,  winking,  digesting,  and  many  others. 
But  we  have  seen,  in  the  Chapter  on  Peeling  and 
Thinking,  that  this  proves  nothing,  or  proves  too 
much.  An  action  may  be  sensational,  without  produc- 
ing that  secondary  feeling,  usually  styled  "  conscious- 
ness ;"  and,  in  this  sense,  thinking  may  be  proved  un- 
conscious— nay,  sensations  themselves  may  be  so. 

There  remains  only  the  striking  fact  of  human 
patients  with  injured  or  diseased  sj)ines,  feeling  nothing 
below  the  injury.  This  fact  we  have  more  than  once 
referred  to  as  the  cheval  de  hatailk  of  the  Eeflex- 
Theory,  which,  we  have  also  affirmed,  turns  out  on 
close  inspection  to  be  the  sorriest  of  Eozinantes.  Let 
the  fact  be  stated  in  all  its  force.  A  man  with  an 
injured  spinal  chord  may  lose  all  power  of  voluntaiy 
movement  in  the  limbs  below  the  injury  ;  and  also 
lose  all  power  of  feeling  any  impressions  made  on 
them.  Pricks,  burns,  pinches,  leave  Imn  unaffected. 
Hunter's  celebrated  patient,  on  being  asked  whether  he 
felt  the  pain  which  caused  his  leg  to  kick  out,  answered, 
"  No  ;  but  you  see  my  leg  does."  And  thus  might  all 
such  patients  reply.  These  limbs  have  not  lost  their 
power  of  movement,  only  their  power  of  obeying  the 
brain.    They  will  not  move  when  the  patient  endea- 
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vours  to  move  them  ;  but  tliey  are  withdrawn,  or  con- 
viilsed,  if  pricked  or  tickled.  ;  Marshall  Hall  reports 
the  case  of  a  man  in  whom  accident  had  destroyed  all 
sensation  and  voluntary  motion,  yet  who  drew  "up  his 
legs  when  they  were  tickled,  without  once  feeling  the 
sensation  of  tickling  ;  and  he  drew  them  up  when 
sprinkled  vtdth  cold  water,  without  feeling  the  slightest 
sensation  of  cold.  This  case  is  constantly  cited,  and 
is  indeed  very  striking.  It  seems  to  have  a  far  greater 
value  than  any  experiments  on  animals  can  h&ve,  because 
we  cannot  question  animals  as  to  their  sensations,  we  do 
not  knotv  whether  they  feel  or  not ;  we  can  only  infer  : 
whereas  we  can  interrogate  the  human  patient,  and 
he  distinctly  denies  being  conscious  of  any  impression 
whatever.  "Do  you  feel  this  pin  which  is  pricking 
you,  and  making  your  leg  jerk  ? "  No,  I  do  not." 
Nothing  seems  less  equivocal.  We  omist  accept  his 
statement.    Do  I  then  doubt  it  ?    Not  in  the  least. 

Dr  Baly,  in  the  notes  to  his  admirable  translation 
of  Miiller's  Physiology,  records  that  he  has  a  patient 
un^ler  his  care  attacked  with  complete  loss  of  sensa- 
tion and  motion  in  the  left  upper  and  lower  extremity, 
in  whom,  nevertheless,  pinching  or  even  slightly  touch- 
ing the  sole  of  the  foot  or  ankle  of  the  paralysed  leg, 
causes  the  limb  to  be  retracted  and  the  toes  extended, 
the  patient  being  unconscious  both  of  the  stimulus  and 
the  movement.  When  I  first  read  this  statement, 
having  entire  reliance  on  Dr  Baly's  accmacy  in  ob- 
serving and  reporting,  it  seemed  to  me  to  overthrow 
all  the  evidence  on  the  other  side ;  and  this  idea  was 
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fui-tlier  strengthened  by  the  cases  collected  by  Dr  Budd* 
It  is  unnecessary  to  occupy  space  here  by  citing  these 
cases  :  they  all  point  in  the  same  direction,  and  we 
may  therefore  accept  the  conclusion,  namely, — 

That  injury  to  the  Spinal  Chord  wholly  or  partially 
destroys  the  power  of  obeying  the  Brain  by  voluntary 
movement,  and  the  power  of  transmitting  sensory  im- 
pressions to  the  Brain,  in  the  parts  below  the  seat  of 
injury ;  while  in  those  above  the  seat  of  injury,  sensa- 
tion and  voluntary  motion  remain. 

Such  is  the  conclusion  rigorously  deduced  from 
numerous  facts.  I  accept  it,  without  reserve.  But  I 
shall  now  prove  that  it  does  not  in  the  least  scSect  the 
question  under  discussion,  does  not  throw  a  shadow  of 
doubt  on  the  sensational  and  volitional  character  of  the 
Spinal  Chord.  That  it  should  ever  have  been  thought 
to  do  so  admits  of  easy  explanation.  Let  us  disclose 
the  fallacy  it  involves. 

On  the  supposition  that  the  whole  cerebro-spinal 
axis  is  everywhere  the  seat  of  Sensibility,  it  has  already 
been  shown  that  division  of  this  axis  would  create  two 
independent  centres.  In  this  case  we  have  no  right  to 
suppose  that  the  cerebral  segment  will  be  affected  by 
impressions  made  on  the  spinal  segment ;  nor,  con- 
versely, that  impressions  made  on  the  cerebral  segment 
win  affect  the  spinal  segment.  The  anterior  limbs  will 
obey  the  Brain,  because  they  are  in  organic  relation 
with  it ;  but  the  posterior  limbs  cannot  obey  the  Brain 
after  they  have  ceased  to  be  in  organic  relation  with 
it.  ■  This  has  been  fully  explained  (p.  249  et  seq.) 
*  Budd:  in  Medico-Chirurfj.  Trans.,  xxii.,  cited  by  Dr  Carpenter. 
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Now,  when  a  man  has  a  diseased  sijiiuil  chord,  the 
seat  of  injiuy  causes,  for  the  time  at  least,  a  division  of 
the  cerebro-spinal  axis  into  two  independent  centres. 
For  all  purposes  of  sensation  and  volition  it  is  the  same 
as  if  he  were  cut  in  half ;  his  nervous  mechanism  is 
cut  in  half.  How  then  can  any  cerebral  volition  be 
obeyed  by  his  legs  ;  how  can  any  impression  on  his 
legs  be  felt  by  his  cerebrum  ?  As  well  might  we 
expect  the  man  whose  arm  has  been  amputated,  to 
feel  the  incisions  of  the  scalpel,  when  that  limb  is  con- 
veyed to  the  dissecting -table,  as  to  feel  in  his  brain 
impressions  made  upon  parts  wholly  divorced  from 
organic  connection  with  the  brain. 

But,  it  may  be  objected,  this  is  the  very  point  urged. 
The  man  himself  does  not  feel  the  impressions  on  his 
limbs  when  his  spine  has  been  injured  ;  he  is  as  in- 
sensible to  them  as  to  the  dissection  of  his  amputated 
arm.  Very  true.  He  does  not  feel  it.  But  if  the 
amputated  arm  were  to  strike  the  anatomist  who  began 
its  dissection,  if  its  fingers  were  to  grasp  the  scalpel, 
and  push  it  away,  or  with  the  thumb  to  rub  off 
the  acid  irritating  one  of  the  fingers,  I  do  not  see  how 
we  could  refuse  to  admit  that  the  arm  felt  althoueh 
the  man  did  not.  And  this  is  tlje  case  with  the 
extremities  of  a  man  whose  spine  is  injured.  They 
manifest  every  indication  of  sensibility.  In  the  frog 
they  manifest  unmistakable  volition.  It  is  true  that 
the  man  himself,  when  interrogated,  declares  that  he 
feels  nothing  ;  the  cerebral  segment  has  attached  to  it 
organs  of  speech  and  expressive  features,  by  whicli  its 
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sensations  can  be  communicated  to  others  ;  whereas 
the  spinal  segment  has  no  such  means  of  communi- 
cating its  sensations  ;  but  those  which  it  has,  it 
emploj/s.  You  can  ask  the  cerebral  segment  a  question, 
which  can  be  heard,  understood,  and  answered  ;  this  is 
not  the  case  with  the  spinal  segment;  yet  if  you  fesi  its 
sensibility,  the  result  is  unequivocal.  You  cannot  ask 
an  animal  whether  it  feels,  but  you  can  test  its  sensi- 
bility, and  that  test  suffices. 

In  our  examination  of  the  triton  and  the  jfrog,  after 
division  of  their  spinal  chord,  we  saw  that  the  limbs 
which  could  convey  no  impression  to  the  brain,  and 
could  obey  no  impulse  from  the  brain,  exhibited  the 
same  evidences  of  sensibility  as  when  they  were  in 
connection  with  the  brain.  Yet  if  the  animal  could 
have  spoken,  it  would  have  assured  us  that  it  felt 
nothing  in  its  hinder  Limbs.  The  limbs  themselves 
told  a  dijfferent  story. 

The  question  we  have  to  decide,  therefore,  is  not 
whether  a  patient,  with  an  injured  spine,  can  feel  im- 
pressions on,  or  convey  voluntary  movements  to,  limbs 
below  the  seat  of  injury — for  as  respects  the  nervous 
mechanism  these  limbs  are  separated  from  him,  no  less 
than  if  actual  amputation  had  taken  place — the  ques- 
tion is,  whether  these  separated  limbs  have  any  sensi- 
bility? And  the  answer  seems  to  me  unequivocally 
affirmative.  I  assert,  therefore,  that  if  there  is  ample 
evidence  to  show  that  the  spinal  centres  have  sensi- 
bility, when  separated  from  the  cerebral  centres,  such 
evidence  can  in  no  respect  be  weakened  by  the  fact 
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that  a  man  with  an  injiu-ed  spine  is  unconscious  of 
impressions  made  below  the  seat  of  injury  ;  since  such 
a  fact  necessarily  follows  from  the  establishment  of  two 
centres :  the  parts  above  are  not  sensitive  to  impressions 
on  the  parts  below  ;  nor  are  the  parts  below  sensitive 
to  impi'essions  on  the  parts  above ;  but  each  segment 
is  sensitive  to  its  own  impressions. 

It  should  be  borne  in  mind  that  although  all  verte- 
brate animals  are  constructed  according  to  one  general 
type,  and  all  their  organs  have  a  certain  general  homo- 
logy, the  very  great  variations  in  their  mechanisms 
will  necessarily  bring  about  corresponding  variations 
in  their  functions.  Hence,  we  may  expect  to  see 
actions  performed  by  one  segment  of  a  frog,  which 
cannot  be  performe.d  by  the  corresponding  segment  of 
man.  And  as  a  part  of  this  variation  in  structure 
may  be  noticed  the  fact  that  in  man  the  Spinal  Chord 
is  insignificant  in  comparison  with  the  Brain,  whereas 
in  reptiles  the  Brain  is  less  than  the  Chord.  Anderson* 
estimates  the  weight  of  the  triton's  ciiord  at  one-fourth 
of  a  grain  ;  that  of  the  brain  being  one-seventh — 
showing  a  proportion  of  100  to  180.  From  the  figures 
given  by  Sharpey  and  Ellis,f  it  appears  that  while  the 
weight  of  the  human  brain  is  40  ounces  as  an  average, 
that  of  the  Spinal  Chord  is  less  than  2  ounces,  some- 
times only  1  ounce.  The  proportion  is  therefore  40  or 
33  to  1.    In  animals  the  proportion  is  much  less.  In 

*  Anderson  :  Comf.  Anat.  of  Nervous  System,  21. 
tQuATN's  Anat,  6tli  edit.,  ii.  435. 
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the  mouse  it  is  4  to  1  ;  in  the  pigeon,  S^tol;  in  the 
triton,  |-  to  ],  and  in  the  lamprey,      to  1. 

VIII.  What  part  is  played  by  the  Spinal  Chord? 
— The  reader  may  now  ask  what  part  is  to  be  assigned 
to  the  Spinal  Sensibility,  supposing  its  existence 
granted  ?  Do  we  think  with  our  Spinal  Chord  ?  Is 
it  a  centre  of  Intelligence  ?  "  Why  no,  sir,"  as  Dr 
Johnson  would  say. 

Our  previous  investigations  conducted  us  to  the 
conclusion  that  the  cerebrum  was  the  centre  of  intelli- 
gence and  emotion — at  least  in  those  animals  which 
have  a  cerebrum.  In  the  Amphioxus,  which  has  no 
brain  at  all,  the  intelligence  and  emotion  it  may 
possibly  have,  must  necessarily  be  performed  through 
the  agency  of  the  Spinal  Chord.  Nor  is  there  anything 
in  such  a  supposition  which  is  at  variance  with  the 
principles  laid  down  in  these  pages,  however  at  variance 
with  ordinary  theories.  For  in  the  Amphioxus  the 
spinal  chord  must  be  the  centre  in  which  the  reflexes 
of  sense  are  combined,  as  they  are  combined  in  the 
cerebrum  of  higher  animals. 

But  quitting  all  such  questions  inaccessible  except 
to  inference,  let  us  consider  the  probable  share  taken 
in  our  actions  by  the  Spinal  Chord.  The  intimate 
consensus  which  exists  between  every  part  of  the  vital 
mechanism  renders  it  impossible  very  accurately  to 
define  the  share  of  each.  But  if  we  look  to  the  ana- 
tomical connections  of  the  Spinal  Chord,  and  assume 
that  the  Brain  is  the  organ  of  intellectual  action,  we 
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may  consider  that  Spinal  Sensibility  regulates  all  those 
actions  which  are  not  set  going  by  cerebral  Sensi- 
bility. 

A  few  illustrations  will  suffice.  The  brain  of  a 
sleeping  man  is  supposed  to  be  disconnected  from  all 
participation  in  the  activity  of  the  chord.  Either  the 
man  is  in  profound  sleep,  and  his  brain  is  at  rest,  or 
he  is  dreaming,  and  his  brain  being  cut  off  from  almost 
all  external  stimuli,  is  occupied  exclusively  with  its  ovni 
excited  activity — with  its  dreams.  The  man  during 
this  state  breathes,  swallows  his  saliva,  coughs  if  any 
gets  into  the  windpipe,  and  turns  in  his  bed ;  the  or- 
ganic processes  go  on,  and  his  brain  has  little  if  any 
share  in  all  these  various  actions.  From  this  sleeping 
man  we  remove  the  bed-clothes  ;  the  cold  air  soon  pro- 
duces a  sensation  of  uneasiness  ;  he  turns  and  seeks  a 
warmer  spot ;  perhaps  he  stretches  out  his  hand  and 
pulls  the  clothes  over  him  again.  The  evidence  of 
sensation  and  volition  here  is  unmistakable.  If  he 
did  not  feel  the  cold  he  would  not  move  ;  if  he  did  not 
will  to  move,  and  to  pull  the  bed-clothes  over  him,  he 
could  not  do  it. 

There  are  very  cogent  reasons  for  believing  that  in 
these  cases  the  sensation  and  volition  have  their  seat  in 
the  Spinal  Chord,  and  not  in  the  Brain.  Firstly,  the 
actions  very  closely  resemble  those  of  animals  when 
the  entire  Brain  has  been  removed.  Secondly,  brain- 
prompted  actions — i.e.,  those  which  spring  from  a  dis- 
tinct idea,  or  train  of  ideas — never  seem  possible  in 
sleep.    The  sleeping  man,  who  immediately  moves  his 
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arm  to  rub  His  tickled  cheek,  or  draws  tlie  bed-clothes 
when  the  cold  air  reaches  him,  or  turns  if  he  be 
touched,  ^'cannot  move  a  muscle  when,  in  dreams,  his 
mind  is  assailed  with  terror  at  danger,  or  with  desire 
to  rescue  his  children.  It  is  usual  to  account  for  this 
familiar  fact  by  saying  that  in  sleep  "the  wiU  is 
suspended "  :  a  mere  phrase,  and  a  false  one  ;  for  the 
will  is  not  suspended  when  it  permits  the  man  to  puU 
the  bed-clothes  over  him,  or  to  seek  a  warmer  spot  in 
the  bed. 

When  the  Brain  is  actively  engaged  in  thought — 
as  in  profound  meditation,  or  reverie — the  volitions 
emanating  from  the  Spinal  Chord  seem  to  sufl&ce  for 
all  regular  and  continuous  actions,  such  as  walking  or 
eating  ;  or  for  the  relief  of  particular  discomforts,  as 
when  the  tickling  of  a  fly  causes  the  hand  to  move 
towards  the  spot,  or  the  position  of  the  limbs  is 
changed.  We  may  walk  through  crowded  streets 
absorbed  in  thought,  yet  every  obstacle  is  avoided,  and 
our  destination  reached  with  unerring  accuracy.  It  is 
probable  that  from  time  to  time  the  Brain  interrupts 
its  course  of  thought  to  glance  at  the  houses,  and 
assure  us  we  are  not  in  the  wrong  track  ;  but  although 
it  is  probable  that,  even  during  the  profoundest  medi- 
tation, the  Brain,  does  in  general  take  cognisance  of 
surrounding  objects  (for  when  it  does  not  we  miss  our 
way),  yet  it  seems  tolerably  certain  that  the  guiding 
sensations  of  the  Chord  suffice  during  the  intervals 
when  the  Brain  is  otherwise  occupied.  Indeed,  men 
have  been  known  to  sleep  on  horseback,  and  soldiers 
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have  marched  duriug  sleep — facts  which  bear  a  close 
resemblance  to  the  phenomena  exhibited  by  decapitated 
animals. 

Here,  however,  we  are  once  more  treading  on  the 
confines  of  Psychology,  and  must  pause  ere  we  get 
entangled  in  its  labyrinths.  If  we  have  indicated  in  a 
general  way  the  physiological  relations  of  the  Mind 
and  the  Brain,  our  object  has  been  achieved.  Nor 
will  we  here  venture  into  an  examination  of  the  Sym- 
pathetic system,  although  we  hold  that  here  also  the 
ganglia  are  centres  of  Sensibility.  But  the  reader's 
attention  will  be  more  readily  secured  by  the  questions 
to  be  examined  in  our  next  chapter.  « 
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POR  the  sake  of  any  student  who  may  desire  to 
investigate  the  microscopic  structure  of  nerve-centres, 
I  will  describe  the  best  methods  of  preparation.  Take 
a  perfectly  fresh  brain  or  chord,  and  having  removed 
its  membranes,  cut  it  in  small  sections,  and  harden 
them  in  alcohol,  in  chromic  acid,  or  in  bichromate  of 
potass.    Whichever  solution  is  used  should  be  very 
weak  at  first,  and  gradually  strengthened.  Lockhart 
Clarke's  plan  is  to  use  a  mixture  of  one  part  alcohol  and 
three  parts  of  water,  for  the  first  twenty-four  hours  ; 
this  is  then  thrown  away,  and  replaced  by  equal  parts 
of  alcohol  and  water,  for  another  twenty-four  hours ; 
and  this  again  is  replaced  by  pure  alcohol.    In  ten  or 
fourteen  days  it  is  ready.    Stilling  uses  chromic  acid  ; 
Kolliker,  bichromate  of  potass,  beginning  with  a  solu- 
tion of  1  per  cent,  and  increasing  it  gradually  to  4  per 
cent,  constantly  changing  the  solution.    Clarke  also 
now  generally  employs  chromic  acid,  or  bichromate  of 
potass.    He  suggests  a  solution  of  ^  per  cent  of  chromic 
acid  for  two  or  three  weeks,  followed  by  a  solution  of 
J  or  1  per  cent  of  bichromate.    Both  alcohol  and 
chromic  acid  are  excellent,  and  have  different  advan- 
tages ;  on  the  whole,  I  find  it  most  advantageous,  when 
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bichromate  of  potass  is  used,  to  remove  the  sections, 
after  three  weeks,  into  strong  alcohol,  which  better 
completes  the  hardening,  and  washes  out  the  potass. 

Having  thus  hardened  the  object,  so  that  it  is  neither 
too  soft  nor  too  friable  to  permit  of  thin  sections  being 
made  with  a  very  sharp  razor  (for  the  spinal  chords  of 
small  animals  I  use  one  of  those  small  razors  sold  as 
corn-cutters),  the  upper  surface  of  which  must  be  pre- 
viously wetted  with  alcohol,  we  have  now  to  render  the 
sections  sufficiently  transparent.  This  Kolliker  effects 
by  treating  them  first  with  soda  (Bidder  and  his  pupils 
use  dilute  sulphuric  acid),  then  washing  the  soda  out, 
and  placing  the  section  on  a  glass  slide,  he  drops  con- 
centrated chloride  of  calcium  on  it,  and  covers  with 
thin  glass.  This  plan  has  never  seemed  to  me  so  effec- 
tive as  the  one  employed  by  Lockhart  Clarke.  Schroe- 
der  van  der  Kolk  hardens  in  alcohol,  then  placing  a  thin 
section  on  a  glass  slide,  drops  distilled  water  on  it,  and 
covers  with  thin  glass,  and  commences  a  gentle  pressure 
on  the  edges  of  the  covering-glass,  which  pressm-e 
causes  the  water  to  rush  between  the  fibres,  and  wash 
out  the  fat.  Wlien  pressure  no  longer  makes  the  water 
milky  (after  repeated  changes),  a  drop  of  chloride  of 
calcium  is  added  ;  in  six  or  seven  days  the  section 
is  clear.  This  also  seems  to  me  very  inferior  to  the 
plan  adopted  by  Clarke,  who  places  the  section  in 
alcohol  for  a  few  minutes,  according  to  its  thickness, 
and  then  floats  it  on  oil  of  turpentine.  On  the  tur- 
pentine it  rapidly  becomes  transparent.  It  is  then 
removed  to  a  glass  slide,  on  which  is  a  drop  of  Canada 
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balsam,  and  allowed  to  remain,  if  not  everywhere 
transparent ;  or  if  transparent,  is  covered  with  thin 
glass,  and  is  ready  for  inspection. 

The  simplest  of  aU  plans  is  to  harden  the  chord 
in  alcohol,  make  a  thin  section,  place  it  on  a  glass  slide, 
add  turpentine,  and  cover  with  thin  glass;  the  tur- 
pentine penetrates  slowly,  and  the  section  gradually 
clears  ;  you  may  watch  it  day  by  day. 

If  the  cells  are  to  be  exhibited,  Gerlach's  plan  is 
to  place  the  fresh  chord,  or  the  section  just  made  from 
a  hardened  chord,  in  a  very  weak  filtered  solution  of 
carmine,  dissolved  in  weak  ammonia  :  it  is  allowed  to 
remain  there  a  few  minutes  or  a  few  hours,  accord- 
ing to  the  strength  of  the  solution.  It  must  then  be 
washed,  and  placed  in  alcohol. 

By  varying  the  plans,  and  giving  the  requisite 
patience,  preparations  may  be  produced  of  great  dis- 
tinctness ;  but  the  complexity  of  the  structure  renders 
it  excessively  difficult  of  comprehension,  even  with  the 
best  preparations. 
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How  many  senses  have  we  ?— Definition  of  terms— New  classification 
of  the  sensations— Oeganic-sensations— The  Muscular  Sense : 
proofs  of  its  existence ;  experiments  to  show  that  its  seat  is  not 
the  skin,  but  the  muscles— Electrical  distm-bance  causing  nervous- 
action— Suhface-SENSATIONS  :    various  sensibilities  of  the  skin— 
Touch  :  tactile  corpuscles  not  organs  of  touch  ;  how  we  localise  all 
our  sensations  :  all  sensations  referred  to  the  surface  ;  feehngs  in 
amputated  hmbs ;  some  parts  of  the  skin  more  sensitive  than  others 
—Feeling  of  "pins  and  needles"  in  the  leg— Taste  :  organ  of; 
savoury  substances  must  be  soluble  ;  dare  we  trust  our  instinct  in 
taste  ?  after-tastes— Smell  :  organ  of ;  are  the  olfactory  nerves  the 
nerves  of  smell  ?— Ajt-e  they  nerves  at  all  ?— Example  of  perfect  sense 
of  smell  in  the  absence  of  the  olfactory  nerves— Odorous  substances- 
Variations  and  uses  of  smell— Hearing  :  organ  of  ;  cases  of  per- 
forated tympanum ;  varieties  in  sounds ;  a  musical  ear ;  effect  of 
sounds  on  the  emotions  ;  subjective  sounds  ;  direction  of  sounds,  and 
how  discriminated— Sight  :  organ  of— Are  images  transmitted  to  the 
brain  ?— Description  of  the  Eetina— Is  it  nervous  ?— It  is  insensible 
to  Light ;  vision  commences  in  a  change  of  temperature— Subjective 
vision  :  curious  examples— Single  vision  with  two  eyes  :  the  paradox 
explained— Why  are  objects  not  seen  inverted  ?— Colour-blindness- 
Psychological  importance  of  the  new  view  of  the  senses. 

"  How  many  senses  have  you  ?"  inquired  the  traveller 
from  Sirius,  in  Voltaire's  exquisite  satire  ;  upon  which 
the  inhabitant  of  Saturn  replied,  "  Seventy-two ;  but 
every  day  we  Hve,  we  lament  that  we  have  so  few." 
VOL.  II.  Y 
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The  European  has  been  taught  to  be  so  well  satis- 
fied with  five  senses,  that  he  is  apt  to  regard  as  an 
absurdity  the  attempt  to  alter,  or  enlarge  that  sacred . 
number.    Yet,  if  we  look  closely  into  the  matter,  we 
find  that  five  is  either  too  few,  or  too  many  :  too  few, 
if  every  distinct  source  of  special  sensations  is  to  be 
called  a  Sense  ;  too  many,  if  only  that  is  worthy  to"  be 
called  an  organ  'of  Sense  which— as  in  the  case  of  the 
eye  or  the  ear— ministers  to  a  single  function,  and 
yields  only  one  group  of  special  sensations.    When  it 
is  said,  "  Man  has  only  five  senses,"  it  is  said  that  over 
and  above  the  sensations  of  touch,  sight,  hearing,  smeU, 
and  taste,  he  has  nothing  to  be  called  sensation.  This 
is  manifestly  wrong.    "The  division  of  our  external 
senses,"  says  Hutcheson,  "  into  five  common  classes, 
is  ridiculously  imperfect.    Some  sensations,  such  as 
hunger  and  thirst,  weariness  and  sickness,  can  be  re- 
duced to  none  of  them  ;  or  if  they  are  reduced  to  feel- 
ings, they  are  perceptions  as  different  from  the  other 
ideas  of  touch— such  as  cold,  heat,  hardness,  softness— 
as  the  ideas  of  taste  or  smell."  * 

Gerdy  thinks  the  reduction  of  our  senses  to  five,  one 
.  of  the  most  ridiculous  of  notions.    "  A  sense,"  he  says, 
"  is  nothing  but  a  part  of  our  body  which  gives  differ- 
ent sensations  from.those  of  other  parts.    Is  it  not  on 
the  ground  of  such  differences  that  men  have  admitted 
.  the  five  senses  ? "  f    Sii'  W.  Hamilton  also,  after  lay- 

*  Quoted  by  Sir  W.  Hamilton  :  Lectures  on,  Metaphysics,  u.  156. 
The  language  is  loose  enough,  but  the  idea  is  intelligible, 
t  Geedy  :  Physiologie  Philosopliique  dcs  Sensations,  p.  39. 
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ing  down  the  proposition  that  all  our  senses  are  modi- 
fications of  touch,  or  contact,  adds  "  that  if  Sight  and 
Hearing,  if  Smell  and  Taste,  are  to  be  divided  from 
each  other,  and  from  Touch  Proper,  under  Touch  there 
must,  on  the  same  analogy,  be  distinguished  a  plurality 
of  special  senses." 

It  is  impossible  that  there  can  be  any  philosophic 
agreement,  unless  we  come  to  a  distinct  understanding 
of  terms.  We  cannot  leave  undecided  what  is  to  be 
understood  by  the  vv^ords  "sensation"  and  "sense." 
It  is  clear  that  there  is  a  great  variety  of  sensations  ; 
but  this  does  not  imply  a  corresponding  variety  in  our 
Senses.  The  same  organ  necessarily  furnishes  a  great 
diversity  of  sensations,  if  it  is  capable  of  being  acted  on 
by  a  diversity  of  stimuli.  Let  us  therefore  settle  our 
terms  ;  since  if  the  inquiry  be,  "  How  many  distinct 
and  special  sensations  have  we  ?"  the  answer  will  not 
be  five,  but  probably  five-score  ;  whereas,  if  the  inquiiy 
be,  "  How  many  distinct  organs  of  sense  have  we?"  the 
answer  can  only  be  settled  by  a  profound  anatomist.* 

A  sensation,  properly  so  called,  is  the  reaction  of 
Sensibility,  stimulated  by  an  impression — the  activ- 
ity of  a  nerve-centre  awakened  by  the  Neurility  of  a 
nerve.  This  we  have  seen  to  be  the  rigorous  definition. 
Those  writers  who  complicate  the  idea  of  Sensation 
with  the  idea  of  Thought,  and  assert  that  there  can  be 

*  On  this,  as  on  so  many  other  subjects,  the  philosophical  student  is' 
referred  to  the  important  work  by  Victor  Carus  System  der  thierisclien 
Mm-pholofjie ;  see  also  Gegejjbaur  :  Grimdzuge  der  Vergleichende 
Anaiomie;  and  Bergmann  U7id  Leuckart:  Vergleichende  Anatomie, 
or  the  course  of  development  of  the  senses  in  the  animal  series. 
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no  sensation  unless  it  be  recognised  as  sucli  by  the 
sentient  being,  may  equally  accept  our  definition,  since, 
according  to  them.  Sensibility  never  is  awakened  by  a 
stimulus  unless  the  brain  be  also  affected. 

The  stimulus  may  be  external,  or  internal  It 
may  arise  from  contact  with  agents  outside,  or  from 
agents  inside  the  body:  the  pressure  of  a  pin  on 
a  sensitive  surface,  the  chemical  changes  going  on  in 
the  substance  of  an  organ,  or  the  pressure  of  a  blood- 
vessel, may  equally  produce  sensations,  but  the  sensa- 
tions produced  will  not  be  similar.    For  while,  on  the 
one  hand,  the  kind  of  sensation  is  determined  by  the 
nature  and  degree  of  the  stimulus,  it  is,  on  the  other 
hand,  determined  by  the  peculiar  structure  and  organic 
disposition  of  the  part  affected.*   The  same  degree  of 
temperature  which,  acting  on  a  nerve  through  the 
skin,,  will  produce  the  sensation  of  cold,  will  produce 
no  such  sensation  but  one  of  pain,  if  it  act  directly 
on  this  nerve  ;  and  I  have  found,  as  previously  men- 
tioned, that  the  same  nerve  which  in  the  frog  is  sensi- 
tive to  pricks  or  cuts  through  the  skin,  is  not  sensi- 
tive to  them  under  the  skin.    The  ray  of  light  which, 
falling  on  the  optic  apparatus,  produces  a  well-known 
sensation,  produces  nothing  of  the  kind  if  it  fall  on 
the  optic  nerve,  or  any  other  nerve.    The  wave  of  air 
which  produces  the  sensation  of  sound  through  the 
auditory  apparatus,  produces  little  appreciable  effect  on 
any  other  part.    The  sugar  which  is  sweet  to  the 
tongue,  is  merely  rough  to  the  gums.     Thus  each 

•  Compare  Viotoe  Cakus  :  Morphologie,  pp.  61,  62. 
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organ  of  sense  determines  its  specific  sensations  :  a 
blow  on  the  arm  canses  pain,  on  the  eye  a  flash  of 
light,  on  the  ear  a  sound.  Electricity  causes  alkaKne, 
or  acid,  tastes,  phosphoric  odours,  buzzing  sounds,  and 
flashes  of  light,  if  applied  to  tongue,  nose,  ear,  and  eye. 
One  stimulus  is  thus  transformed  into  various  sensa- 
tions, according  as  it  acts  through  various  channels. 

Sensibility  is  the  general  property  of  every  animal 
organism.  This  general  property  becomes  specialised 
in  proportion  as  the  organism  itself  becomes  more 
special  and  complex  in  structure.*  Although  every 
animal  must  feel,  it  does  not  follow  that  every  animal 
must  have  every  kind  of  feeling.  The  mollusc  feels, 
but  it  is  extremely  doubtful  whether  it  feels  pain,  and 
still  more  so  whether  it  feels  ticklino;.  Its  sense  of 
sight  is  probably  little  more  than  a  discrimination  of 
light  from  darkness  ;  its  sense  of  hearing  little  more 
than  a  susceptibility  to  vibrations  of  the  air.  Nay, 
even  to  pass  on  to  higher  animals,  the  cat  undoubtedly 
distinguishes  sounds,  and  does  not  confound  the  cry  of 
the  cat's-meat-man  with  that  of  the  dustman  ;  but  its 
susceptibility  to  music&l  intervals  will  be  very  doubt- 
ful to  those  who  have  "assisted"  at  gutter-concerts. 
And  among  men,  there  are  those  who  cannot  distin- 
guish the  colours  red  and  blue ;  others  who  have  no 
distinct  appreciation  of  odours  and  savours  ;  others 
who  can  scarcely  follow  a  melody  ;  others  who  are 
very  ticklish,  or  not  at  all  so  ;  others  exquisitely  sensi- 

*  On  the  development  of  psychical  complexity,  sec  the  remarkable 
work  by  Herbert  Spencer  :  Principles  of  Psychology 
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tive  to  pain,  and  others  very  much  less  so.  All  these 
specialities  of  the  general  Sensibility  depend  on  spe- 
cialities of  the  nervous  system  and  the  organs  of  sense. 

The  precise  number  of  our  senses  is  a  question  not 
easily  answered.  If  every  distinct  part  of  the  organ- 
ism, which  is  the  source  of  distinct  sensations,  is  to  be 
called  a  Sense,  we  must  necessarily  include  the  Muscles 
and  Viscera  among  the  Senses,  for  the  sensations  de- 
rived through  the  muscles — sensations  of  adjustment, 
weariness,  cramp,  &c. — are  as  specific  as  those  derived 
through  the  eye  or  tongue  ;  and  the  glandular  sensa- 
tions are  assuredly  distinct  from  those  of  the  muscles. 

The  following  is  the  classification  which  seems  to  me 
desirable,  after  what  has  been  said  respecting  the  vari- 
ous forms  of  consciousness  (see  p.  65-77).  AH  those 
sensations  which  arise  in  the  organic  processes,  or 
which,  belonging  to  the  general  system,  are  not  local- 
ised in  any  special  organ,  I  caU  systemic  sensations ; 
whereas  those,  on  the  contrary,  which  are  localised  in 
special  organs — the  eye,  the  ear,  the  nose,  the  tongue, 
and  the  hand — I  call  sense-sensations.  The  former 
only  tell  us  of  our  own  internal  condition — they  are 
the  subjective  senses.*  The  latter  give  us  concep- 
tions of  things  external  to  ourselves — they  are  the 
objective  senses.  Although  the  food  which  stimulates 
the  alimentary  canal,  or  the  air  which  stimulates  tlie 
lungs,  are  objects  not  less  external  than  the  colom*  or 
the  odour  of  a  rose,  we  do  not  habitually  refer  the 


*  Kant's  classificatioa  into  sensus  vagus  and  seiwts  Jixiis  corresponds 
pretty  nearly  with  the  above. 
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sensations  they  produce  to  distinct  cognisable  objects, 
as  in  the  case  of  the  colour  and  odour.  We  have  great 
difficulty  in  localising  the  sensations,  and  never  suc- 
ceed in  doing  so  with  any  precision ;  whereas  we  are 
in  no  doubt  that  the  sensation  of  colour  is  derived 
through  the  eye,  and  nowhere  else. 

Systemic  sensations  may  be  divided  into  two  classes : 
Organic  and  Surface  Sensations;  these  we  wUl  now 
consider. 

I.  Oeganic-SENSATIONS. — That  we  receive  sensations 
from  the  varying  states  of  our  organs,  not  less  than 
from  the  varying  impressions  of  objects  on  our  Senses, 
is  abundantly  manifest.  The  agitation  of  the  heart, 
the  pains  or  pleasures  of  the  alimentary  canal,  the  feel- 
ings of  fatigue,  sleepiness,  hunger,  thirst,  and  the  vari- 
ous feelings  attendant  on  maternity,  are  obviously  of 
ora-anic  origin.  It  would  doubtless  create  some  sur- 
prise  were  we  to  speak  of  a  Respiratory  Sense  ;  yet 
there  would  be  more  warrant  for  such  a  term  than  for 
the  Muscular  Sense,  which  has  gained  general  accept- 
ance. Indeed  Mr  Bain,  who  has  treated  this  topic  of 
the  organic  sensations  with  great  fulness  and  felicity,* 
properly  remarks  that  we  have  in  respiration  all  the 
particulars  necessary  to  constitute  a  Sense  :  an  exter- 
nal object — the  air  of  the  atmosphere  ;  an  organ  ;  and 
a  resulting  state  of  feeling.  This  cannot  be  said  of  the 
Muscular  Sense,  which  has  no  external  object.  No 
one  will  doubt  that  we  receive  distinct  sensations  from 

*  Bain  :  The  Senses  and  Ihe  Intellect. 
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the  purity,  or  closeness,  of  the  atmosphere ;  we  caainot 
draw  breath  without  exciting  a  sensation,  although  in 
general  we  are  not  "  aware"  of  it.  In  Kke  manner  the 
sensations  of  the  alimentary  canal  generally  pass  un- 
perceived  by  us ;  but  they  go  to  form  that  stream  of 
Consciousness  which  I  have  before  noticed. 

Eeferring  the  reader  to  Mr  Bain's  work  for  further 
details  on  this  subject,  I  will  now  pass  to  the  very  im- 
portant class  of  sensations  arising  from  the  condition 
of  the  muscles. 

] .  The  Muscular  Sense. — In  his  erudite  dissertations 
affixed  to  Eeid's  Works,  Sir  William  Hamilton  has 
sketched  the  history  of  the  conception,  revived  in  our 
own  day  by  Sir  Charles  Bell,  of  a  distinct  Muscular 
Sense.  Whether  it  is  legitimate  or  not  to  elevate  this 
into  the  rank  of  a  distinct  Sense— a  rank  denied  to 
the  glands  and  alimentary  canal— may  be  question- 
able, and  is,  indeed,  often  questioned ;  but  there  has 
long  been  general  unanimity  as  to  the  fact  that  the 
muscles  are  the  sources  of  peculiar  sensations,  such  as 
those  of  exercise,  weariness,  cramp,  &c.  It  has  also 
been  admitted  that  the  adjustments  necessary  for  aU 
movements  for  walking,  riding,  dancmg,  sitting  up- 
right, and  so  forth,  are  dependent  on  the  sensitiveness 
of  the  muscles.  The  body  is  balanced  by  an  incessant 
shifting  of  the  muscles,  one  gi'oup  antagonising  the 
other.  But  this  would  be  impossible  unless  each 
muscle  were  adjusted  and  co-ordinated  by  sensation. 

"  When  a  bhnd  man,  or  a  man  blindfolded,  stands 
upright,  neither  leaning  upon  nor  touching  aught ;  by 
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what  means  does  he  maintain  his  erect  position  ?  The 
sj'niraetry  of  his  body  is  not  the  cause.    A  statue  of 
the  finest  proportion  must  be  soldered  to  its  pedestal, 
or  the  wind  will  cast  it  down.    How  is  it,  then,  that  a 
man  sustains  the  perpendicular  posture,  or  inclines  in 
the  due  degree  towards  the  wind  that  blows  upon  him? 
It  is  obvious  that  he  has  a  sense  by  which  he  knows 
the  inclination  of  his  body ;  and  that  he  has  a  ready 
aptitude  to  adjust  the  parts  of  it,  so  as  to  correct  any 
deviation  from  the  perpendicular.    What  sense  is  this  ? 
He  touches  nothing,  sees  nothing ;  it  can  only  be  by 
the  adjustment  of  the  muscles  that  the  limbs  are  stiff- 
ened, the  body  firmly  balanced  and  kept  erect.  In 
truth,  we  stand  by  so  fine  an  exercise  of  this  power, 
and  the  muscles  from  habit  are  directed  with  so  much 
precision,  and  with  an  effort  so  slight,  that  we  do  not 
know  how  we  stand.    But  if  we  attempt  to  walk  on  a 
narrow  ledge,  or  rest  in  a  situation  where  we  are  in 
danger  of  falling,  or  balance  on  one  foot,  we  become 
subject  to  apprehension;  and  the  actions  of  the  muscles 
are  then,  as  it  were,  magnified,  and  demonstrative  of 
the  degree  in  which  they  are  excited."* 

If  we  watch  an  infant  learning  to  walk,  or  attend  to 
our  own  sensations  when  learning  some  new  muscular 
movement,  we  shall  become  aware  of  the  necessity  of  a 
very  fine  sensibOity  for  aU  these  adjustments.  It  is 
only  by  means  of  guiding  sensations  that  we  can  per- 
form such  actions.  All  this  was  admitted  by  physio- 
logists ;  but  there  still  remained  the  question  whether 

*  Bell  :  On  the  Rand,  p.  238  ;  5th  edition. 
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the'  sensations  derived  in  muscular  contraction  could 
properly  be  referred  to  the  muscles.    In  his  admii-able 
treatise  on  Physiology,  SchifF  maintains  that  all  the 
phenomena  attributed  to  the  muscular  sense  are  due 
to  the  foldings  and  stretchings  of  the  sJcin  when  the 
muscles  contract.    Spiess  and  Schrreder  van  der  Kolk 
hold  similar  views.    Indeed  when  we  learn  that  the 
posterior,  or  so-called  sensory  nerves,  traverse,  but  do 
not  terminate  in  muscles,  we  are  in  a  dilemma  if  we 
grant  the  muscles  to  be  the  channels  of  sensation; 
since  they  are  supplied  only  with  anterior,  that  is,  the 
so-called  motor  nerves.    How  can  these  motor-nerves 
convey  sensory  stimuli?    This  difficulty  does  not  seem 
to  have  been  generally  recognised.    It  is  only  to  be 
escaped  by  denying  that  the  muscles  are  channels  of 
sensation  ;  or  by  denying  that  the  so-called  motor- 
nerves  are  not  also  sensory  nerves.    Schiff  rejects  the 
muscular  sense,  and  attributes  to  the  sUn  aU  the 
phenomena  grouped  under  this  sense.    The  reader  is 
aware  that  I  deny  the  so-called  motor-nerves  to  be  ex~ 
clusively  motor ;  and  one  proof  on  which  I  rely  is  the 
proof  of  a  muscular  sense. 

In  a  paper  read  at  the  Aberdeen  Meeting  of  the 
British  Association,*  I  adduced  the  following  decisive 
experiments,  which,  if  we  admit  that  sensations  are 
necessary  to  muscular  adjustments,  leave  no  doubt 
that  the  muscles  and  muscle-nerves  are  the  sources 
of  such  sensations.  I  etherised  a  frog,  and  then  care- 
fully removed  the  whole  of  its  skin,  except  a  very 

*  A  Demonstration  of  the  Muscular  Sense. 
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small  patch  about  the  cud  of  the  back,  and  another 
patch  over  mouth,  nose,  and  eyes.  These  patches  were 
left  for  comparison.  If  SchifF's  views  were  correct, 
— if  all  the  phenomena  assigned  to  a  muscular  sense 
were  due  to  foldings  and  stretchings  of  the  skin,  it  was 
obvious  that  this  frog  could  manifest  none  of  these 
phenomena,  having  no  skin  to  be  folded  or  stretched. 
What  was  the  fact  ?  W  hy,  that  no  sooner  had  the  frog 
recovered  from  the  effects  of  the  ether,  than  it  hopped 
off  the  table  on  to  the  ground.  I  then  tested  its  sensi- 
bility. Those  patches,  where  the  skin  remained,  were 
as  sensitive  as  ever  ;  a  touch  there,  made  the  frog  hop, 
or  shrink,  or  ch-aw  up  its  legs  in  defence.  If  its  nose 
was  touched  with  acetic  acid,  the  fore-legs  were  used 
to  rub  the  acid  away ;  showing  that  it  had  the  same 
power  of  adjusting  its  muscles  as  when  the  skin  was 
on.  But  this  was  no  absolute  proof  that  the  frog  had 
any  sensation  derived  through  these  muscles  ;  and  to 
obviate  aU  objection  I  sought  for  such  proof.  It  is  to 
be  observed  that,  as  regards  external  impressions,  the 
frog  was  utterly  insensible.  I  pinched  the  limbs, 
pricked  them,  cut  them,  burnt  them  with  acetic  acid, 
and  reduced  them  to  cinders  with  the  flame  of  a  wax 
taper  —  and  to  all  these  violent  stimuli  the  frog  re- 
mained insensible,  motionless,*  although  a  touch  on  the 

*  Whenever  I  adduce  experimental  evidence,  the  reader  will  be 
pleased  to  remember  that,  unless  the  contrary  is  stated,  I  am  alwajs 
speaking  of  facts  repeatedly  observed,  and  controlled  by  comparative 
experiments.  What  is  said  in  the  text  respecting  the  insensibility  of 
the  skinned  frog  is  exact ;  it  has  been  observed  in  many  cases  ;  but 
there  is  one  strange  exception  recorded  in  my  note-book  which  deserve 
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skin-patclies  made  it  hop  or  wince.    Here  then  was  an 
anunal  which,  if  it  had  sensations  at  all,  could  only 
have  them  from  internal  stimuli,  except  on  two  minute 
patches  of  skin.    Yet  when  it  was  placed  on  its  back, 
it  immediately  turned  round  again,  and  settled  in  a 
comfortable  position.     Lest  this  change  of  position 
should  be  attributed  to  the  "wUl"  of  the  animal,  whose 
brain  might  be  thought  to  have  originated  the  act,  I 
cut  its  head  off;  the  headless  frog,  placed  on  its  back, 
always  turned  round  as  before.    The  position  was  ob- 
viously uncomfortable,  and  was  altered.    The  hind-legs 
were  then  drawn  out :  if  drawn  abruptly,  they  were 
abruptly  drawn  up  again  ;  if  drawn  very  gently,' they 
remained  motionless  where  they  were  placed ;  hut  after 
a  few  minutes  the  legs  were  always  drawn  up  again. 
To  what  can  we  attribute  this  change  of  position  but 
to  a  sense  of  muscular  discomfort  ?   Had  the  muscles 
been  insensible,  the  legs  would  have  remained  motion- 
less till  the  animal  was  about  to  spring  ;  but  that  they 
were  sensitive  is  shown  in  the  fact  that,  after  a  whUe,  the 
legs  always  were  drawn  back  to  the  normal  position  ; 
and  this  was  observed  to  take  place  in  a  shorter  time 
if  the  outstretched  leg  was  at  right  angles  to  the  body 
than  if  it  were  straight  out.    That  is  to  say,  the  more 
unusual  the  position,  the  swifter  was  the  withdrawal. 

notice  here.  "  Found  traces  of  sensibUity  in  sovie  of  the  skinless  parts. 
Pinching  the  joints  or  the  soles  of  the  feet,  and  almost  anywhere  on  the 
fore-leg,  made  the  frog  struggle  or  jump.  Acetic  acid  had  no  such  effect. 
Pricking  seldom  had  any.  Back  quite  insensible  to  all  stimuli.  Muscles 
of  the  thigh  insensible  to  burns  or  pricks,  but  sensitive  to  a  prolonged 
pinch  with  the  tweezers."  This  is  whoUy  inexpUcable  to  me ;  but  the 
fact  is  worth  considering. 
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"We  have  thus  a  skinned  and  headless  frog  manifest- 
ing many  unequivocal  signs  of  those  sensations  which 
have  been  assigned  to  the  conditions  of  the  muscles ; 
and  are  justified  in  considering  this  experiment  as 
demonstrating  the  existence  of  a  muscular  sense.  And 
a  striking  confirmation  of  the  original  conception,  that 
a  muscular  sense  is  necessary  for  the  adjustments  on 
which  combined  actions  depend,  is  to  be  found  in  a 
case  recorded  by  Brown-Sdquard.  Sir  Charles  Bell 
refers  to  a  woman  who,  having  lost  the  muscular 
sensibility  in  her  arm,  could  only  hold  her  infant  so 
long  as  she  looked  at  her  arm  ;  directly  she  averted 
her  eyes,  the  loss  of  this  guiding  sensation  made  her 
grasp  loosen.  On  this  Brown-Sequard  remarks  :  "  It 
may  be  said  that  the  sensibility  of  the  skin  being  lost 
in  this  case,  the  impossibility  of  holding  the  child  arose 
from  this  cutaneous  anaesthesia.  There  is  a  decisive 
reply  to  this  objection  :  it  is,  that  muscular  sensibility 
alone  is  sufficient  for  the  direction  of  voluntary  move- 
ments. I  have  seen  a  child  completely  deprived  of 
cutaneous  sensibility  (unable  to  feel  contact,  pressure, 
pricking,  pinching,  tickling,  cold,  or  heat),  yet  able  to 
walk  well  without  looking  at  its  feet,  and  undoubtedly 
owing  this  power  to  the  persistence  of  guiding  sensa- 
tions in  the  muscles.  In  this  case,  besides  the  pecu- 
liar sensibility  which  guides  voluntary  movements,  the 
muscles  had  the  power  of  giving  pain.  When  they 
were  excited  to  contract  spasmodically,  the  patient  had 
the  feeling  of  cramps."  * 

*  Brown-Sequard  :  Lectures  in  Lancet,  Oct.  16,  1858. 
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In  singing,  a  wonderful  adjustment  of  the  muscles 
takes  place  ;  and  although  the  direction  impressed  on 
these  is  mainly  due  to  the  sense  of  hearing,  this  is  no 
more  than  the  direction  of  our  locomotive  movements 
impressed  by  sight.  Dr  Kitto,  in  his  interesting  auto- 
biographical sketch,*  narrates  how  difficult,  and  even 
painful,  it  was  for  him  to  speak,  on  first  recovering 
from  the  accident  which  made  him  deaf.  But  he 
subsequently  learned  to  speak,  and  this  was  of  course 
entirely  due  to  the  muscular  sensations  in  his  vocal 
'  organs.  In  the  same  way,  a  man  blindfolded,  or  sud- 
denly blinded,  finds  great  difficulty  in  walking  straight 
ahead ;  the  loss  of  his  eyesight  is  the  loss  of  the 
accustomed  guiding  sensation  ;  yet  in  a  little  while 
his  muscular  sense  suffices  to  guide  his  steps.  Mr 
Mayo's  energetic  phrase,  "  We  lean  upon  our  eyesight 
as  upon  crutches/'  is  inaccurate.  We  derive  no  power 
of  walking  from  sight,  we  only  ascertain  our  course  by 
it.    Eyesight  is  a  finger-post,  not  a  crutch. 

Havina;  made  clear  to  ourselves  that  we  have  a 
distinct  class  of  muscular  sensations,  we  shaU  at  once 
recognise  the  important  element  they  must  form  in 
our  general  Consciousness,  little  as  they  ever  emerge 
into  that  prominence  which  causes  the  mind  to  attend 
to  them.  We  shaU  also  recognise  the  sensory  function 
of  the  motor-nerves  (see  p.  29  et  seq.)  And  now  an 
interesting  problem  presents  itself,  namely,  how  the 
contractions  of  a  muscle  can  awaken  sensation.  In 
the  ordinary  conception  of  sensation,  it  is  implied  that 
*  Kitto;  The  Lost  Seises :  Dcafiicss. 
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some  external  object  should  impress  a  nerve,  and  this 
impression,  transmitted  to  the  brain,  will  produce  a 
sensation.  This  conception  renders  internal  sensations 
difficult  of  explanation.  But  a  more  accurate  survey 
of  the  facts  leads  to  the  conclusion  that  the  mere  dis- 
turhance  of  the  electrical  equilibrium  in  an  organ  is 
sufficient  to  excite  a  sensation. 
Let  us  dissect  out  the  lumbar  nerves  of  a  frog  (1), 


Fig.  63. 


and,  taking  the  l^g  of  another  frog  with  its  nerve  dis- 
sected out,  let  us  place  this  nerve  (c)  on  the  muscles 
of  the  first  (m).  When  the  two  poles  of  a  battery 
are  applied  to  the  lumbar  nerve  (I),  the  legs  (in)  are 
violently  contracted,  and  this  contraction  so  afl'ects  the 
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nerve  of  the  leg  (c)  lying  on  the  contracted  muscles, 
that  this  leg  also  contracts.  Here,  then,  the  mere 
contraction  of  a  muscle,  stimulates  another  nerve  in 
contact  with  it.  Now,  it  is  indifferent  to  our  present 
argument  what  explanation  we  accept  of  this  fact ; 
the  fact  that  a  change  in  the  state  of  the  muscle  will 
excite  the  Neurility  of  a  nerve,  is  enough  for  us.*  And 
it  is  extremely  important  to  bear  in  mind  that  not 
only  will  a  muscle  in  contraction  excite  any  nerve 
with  which  it  may  be  in  contact,  but  it  will  do  so  if, 
without  contracting,  it  even  tends  to  contract. 

By  disturbances  of  the  electrical  equilibrium  the 
Neurility  of  nerves  is  excited.  Hence  it  is  that  the 
manifold  chemical  changes  going  on — the  processes  of 
nutrition  and  secretion — the  oscillations  of  the  circula- 
tion and  the  activities  of  the  muscles,  create  those 
manifold  streams  of  sensation  which  make  up  our 
general  Consciousness.  Hence  may  we  deduce  the 
exaltation  of  sensibility  in  delicate  states  of  health  ; 
and  the  marked  difference  in  the  nervous  excitability 
of  frogs  before  and  after  the  pairing  time.  But  we 
dare  not  venture  into  so  wide  a  field.  It  is  enough  to 
have  indicated  the  existence  of  a  vast  class  of  organic 
sensations  ;  and  we  will  now  pass  on  to  the 

II.  SuKFACE-SENSlTiONS. — These  are  more  appreci- 
able than  the  Organic  sensations,  because  we  can  to 

*  "Will  not  this  explain  the  paradox  of  parts  wholly  destitute  of 
nerves  being  nevertheless  susceptible  of  intense  pain  ?  The  altered 
state  of  a  tendon  may  propagate  an  iniluence  to  the  muscles,  and  these 
may  excite  the  sensory  nerves  in  their  neighbourhood. 
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some  extent  measure  the  effects  produced  by  external 
objects  on  tlie  surfixce.  We  do  not  know  wliat  is  going 
on  in  our  organs,  we  do  not  know  what  agents  are  at 
work  ;  but  we  can  ascertain  what  agents  are  stimulat- 
ing the  surface,  with  what  variations  of  degree  these 
agents  affect  us,  and  in  what  places  they  aflfect  us. 

The  skin  is  everywhere  sensitive.    It  is  everywhere 
supplied  with  nervous  filaments ;  and  these  filaments 
seem  more  sensitive  in  the  skin  than  in  the  trunks 
from  which  they  issue.    Not  only  are  they  more  vari- 
ously sensitive— capable  of  more  distinct  sensations— 
but  they  are  susceptible  to  a  greater  amount  of  excite- 
ment.   For  example,  it  is  through  the  skin,  and  only 
through  the  skin  (and  the  mucous  membrane,  which 
is  the  internal  skin)  that  we  receive  sensations  of  Tem- 
perature.  Application  of  a  hot  or  cold  substance  to 
the  nerve-tnmk  itself,  produces  no  sensation  of  heat  or 
cold,  but  one  of  pain.    It  is  the  same  with  itching, 
tickling,  and  some  other  surface-sensations.  Never- 
theless it  is  not  the  skin  which  is  sensitive ;  destroy 
the  nerve -filaments,  or  cut  off"  their  communication 
mth  the  nerve-centre,  and  tbe  skin  is  insensible. 

Further,  the  intensity  of  sensation  is  much  greater 
in  the  skin  than  in  the  nerve-trunk.  Hence  the  pain- 
fulness  of  an  operation  chiefly  depends  on  the  division 
of  the  filaments  at  the  surface,  and  not  on  the  division 
of  the  nerve-trunks  when  the  muscles  are  cut  through. 
Arnold,  Volkmann,  Weber,  and  others,  have  abundantly 
iUustrated  the  superior  sensitiveness  of  the  nerve  in  its 
VOL.  II. 
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distribution  through  the  skin,  to  that  of  the  same  nerve 
in  any  other  part  of  its  course. 

But  although  everywhere  sensitive,  the  skin  is  not 
everywhere  equally  susceptible  to  the  same  kind  of 
impression.    A  specialisation  has  taken  place.  The 
face  is  more  sensitive  than  the  hand  to  Temperature  ; 
the  sole  of  the  foot  is  more  sensitive  than  the  back 
to  Tickling  ;  the  tips  of  the  fingers  are  more  sensitive 
than  the  palm  of  the  hand  to  Pain,  and  less  to  Tickling. 
In  cold  weather  we  see  men  beating  their  hands  to- 
gether, or  clapping  their  sides,  to  stir  a  little  warmth  ; 
but  they  never  think  of  slapping  their  faces  with  this 
energy.    The  schoolboy  has  often  to  hold  out  the  pahn 
of  his  hand  for  a  stroke  with  the  cane,  which  would  be 
intolerable  on  the  back  of  his  hand.    It  was  an  easy 
supposition  that  this  varying  sensitiveness  might  be 
due  to  the  varying  amoimt  of  nervous  filaments  dis- 
tributed over  each  part;  but  the  supposition  is  without 
the  basis  of  anatomical  accuracy.    Valentin  says  that, 
although  the  filaments  at  the  apex  of  the  tongue  are 
more  numerous  than  those  on  the  skin  of  the  back, 
they  bear  no  corresponding  proportion  to  the  respective 
sensibilities  of  these  parts— the  sensibility  of  the  tongue 
being  fifty  to  sixty  times  greater  than  that  of  the  back* 
Moreover,  the  part  which  is  eminently  sensitive  to  one 
kind  of  stimulus  is  scarcely  at  all  so  to  another. 

If  we  bring  a  portion  of  this  sensitive  surface  in 
contact  with  an  external  substance,  the  result  will  be 
*  Valentik  :   Tixlhook  of  Plmiology  (translated  by  Brinton), 
p.  495. 
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a  sensatioii  of  touch.  On  pressing  tiiat  substance  we 
'  have  the  sensation  of  pressure,  or  of  pain.  If  the 
substance  be  lower  in  temperature,  the  result  is  cold  ; 
if  higher,  warr)%th ;  if  the  difference  ef  temperature 
be  considerable,  the  result  is  pain.  Contact  will  also 
give  the  sensation  of  smoothness  or  mughness,  if 'the 
object  moving  over  the  skin  be  of  even  or  uneven 
surface. 

Here  we  may  notice  a  cardinal  distinction  between 
the  skin,  and  the  organs  of  special  Sense.    The  same 
portion  of  skin  will  respond  differently  to  different 
stimuli,  or  degrees  of  the  same  stimulus  ;  but  each 
organ  of  Sense  can  respond  only  in  one  way,  and  pro- 
duce only  one  specific  group  of  sensations.   Thus,  while 
the  skin  will  give  us  sensations  so  distinct  as  those  of 
pain,  tickling,  temperature,  or  mere  touch,  the  eye  will 
give  us  only  sensations  of  light,  the  ear  only  sensations 
of  sound,  and  so  on,  no  matter  how  various  the  sti- 
muli may  be.    Hence  the  propriety  of  separating  these 
sjjecial  organs  of  Sense  from  the  general  surface, 
although,  strictly  speaking,  they  also  are  parts  of  the 
general  surface  ;  and  indeed  the  first  of  these  organs, 
the  Hand,  has  a  very  slight  degree  of  specialisation,  ancl 
shares  with  the  whole  surface  its  function  of  Touch. 

in.  Sense-sensations.— These  are  derived  from  our 
Pive  Senses.  They  have  five  special  organs  devoted  to 
them,  if  we  include,  as,  for  the  sake  of  foHowing. popular 
conceptions,  it  is  necessary  to  include,  the  Hand  as  a 
separate  organ  of  Touch.    We  must  remember,  how- 
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ever,  that;' properly  speaking,  Touch  is  not  localised  in 
any  one  special  part  of  the  surface.    We  can  touch  an 
©"bject  as  well  with  the  foot  as  with  the  hand,  with  the 
nose  as  with  the  finger,  with  the  tongue  as  with  the 
Icnea  '^The  hand,  by  reason  of  its  flexibility,  enables  us 
to,  feel  an  object  rapidly  in  various  ways  ;  but  this  is 
its -sole  speciality.    The  sensations  it  conveys  are  not 
different  from  those  conveyed  by  any  other  part  of  the 
skin ;  nor  are  they  superior  in  intensity  and  variety. 
The  hand  is  notably  inferior  in  delicacy  of  tact  to  the 
tip  of  the  tongue.    Had  not  exact  experiments  demon- 
strated this,  we  should  at  once  admit  its  truth,  on 
recoUecting  how,  when  touched  by  the  tongue,  a  cavity 
in  a  tooth  seems  to  be  thrice  as  large  as  it  reaUy  is ; 
because,  being  accustomed  to  estimate  size  by  sensa- 
tions of  touch  from  the  hand,  we  are  misled,  by  the 
greater  sensitiveness  of  the  tongue,  into  the  beHef  that 
the  cavity  is  as  large  as  it  would  be  if  the  finger  had 
given  us  such  sensations. 

1.  Touch.— The  organ  of  Touch,  therefore,  although 
really  coextensive  mth  the  whole  surface,  we  may,  for 
convenience,  localise  in  the  Hand.    I  shaU  say  nothing 
of  this  wonderful  organ  here,  but  refer  the  reader  to 
Bell's  delightful  and  instructive  work,  wherein  every- 
thing tha^  was  then  known  will  be  found  elucidated. 
Nor\  it  necessary  to  do  more  than  aUude  in  pass- 
ing to  the  so-called  "tactile  corpuscles"  discovered  by 
Meissner,  and  too  readily  admitted  as  "organs  of 
t^ch"  by  many  physiologists.    These  corpuscles  are 
microscopic  structures  found  in  the  papillae  of  the  skin 
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on  the  sole  of  the  foot,  pahn  of  the  hand,  and  occasion- 
ally in  the  lips  and  tongue.  There  is  still  great  dispute 
as  to  the  nature  of  these  structures  ;*  and  my  own  very 
limited  acquaintance  with  them  does  not  enable  me  to 
express  a  preference  for  any  one  opinion  ;  but  I'  feel 
quite  certain  that  they  are  not  tactile  organs,  because 
the  sensations  of  touch  are  as  various  and  delicate  in 
parts  without  these  organs,  as  in  parts  with  them.f 

Instead,  therefore,  of  saying  anything  about  the  or- 
gan, we  will  devote  our  brief  space  to  the  sensations 
of  Touch.  The  first  question  which  meets  us  is,  How 
we  localise  our  separate  sensations,  since  the  whole  of 
the  surface  is  sensitive,  and  sensitive  to  nearly  all  the 
same  stimuli  ? 

Every  one  knows  that  we  feel  an  impression  in  the 
sensorium,  to  which  the  nerve  conducts  the  impression ; 
nevertheless,  we  refer  this  impression  to  a  distinct  spot 
on  the  skin,  and  not  indiscriminately  to  any  spot.  How 
does  this  localisation  take  place  ?  How  is  it  that  sen- 
sations really  felt  in  the  centre  should  irresistibly  be 
referred  to  the  surface,  so  that  to  an  uninstructed 
audience  it  would  sound  absurd  to  tell  them  their 
fingers  did  not  feel  the  object  which  they  touched  ? 

•  Meissner  :  Bn(rar/e  zur  Anat.  und  Physiol,  der  IlaiU  ;  and  in  Sie- 
hold  nnd  Kolliker's  Zeitschrift,  vi.  296  ;  Kolliker  in  the  same  Journal, 
iv.  43  ;  and  Geioehelehre,  1859,  p.  106  ;  Huxley  in  Quarterhj  Journal  of 
Mia-os.  Science,  Oct.  1853,  p.  1 ;  Funke:  Lehrliich  der  Physiol,  i.  580. 
Letdiq  in  Mailer's  Archiv,  1856,  p.  150,  and  Lehrhuch  der  Histolonie, 
p.  68. 

t  SCHIFF  is  also  of  the  same  opinion.    He  remarks  that  the  hands  of 
the  squirrel  are  without  these  corpuscles. 
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The  young  infant  has  no  such  tendency  to  localise 
impressions.  It  feels  the  sensation  of  a  pin  pricking 
its  legs,  or  the  lancet  lancing  its  gums,  or  the  fire 
burning  its  finger  ;  but  has  not  learned  to  refer  these 
sensations  to  special  localities.  It  has  not  yet  con- 
ceived the  idea  of  externality. 

"  The  baby  new  to  earbli  and  sky. 
What  time  his  tender  palm  is  prest 
Against  the  circle  of  the  breast, 
Has  neTer  thought  that  '  this  is  I.' 

But  as  he  grows,  he  gathers  much, 
And  learns  the  use  of  '  I '  and  '  me,' 
And  finds  '  I  am  not  what  I  see, 
And  other  than  the  things  I  touch.' 

So  rounds  he  to  a  separate  mind. 
From  whence  clear  memory  may  begin. 
As  through  the  frame  that  binds  him  in. 
His  isolation  grows  defined. "  * 

The  infant  world  is  wholly  subjective.  To  conceive 
an  external,  objective  cause  of  its  sensations,  would  be 
more  difiicult  for  the  infant,  than  it  would  be  in  after 
life  to  dissociate  the  external  object  from  the  sensation, 
and  to  conceive  sensations  as  nothing  but  states  of  the 
organism.  Only  the  psychologist  can  conceive  that 
heat  is  not  in  the  fire,  hardness  in  stone,  or  soimd  in 
the  thunderclap.  We  begin  life  with  a  complete 
ignorance  of  the  external  world ;  as  we  advance,  the 
presence  of  this  external  world  becomes  more  and  more 
obtrusive,  till  we  need  the  aid  of  philosophy  to  reinstate 
the  vanished  conception  of  our  inner  life. 

*  III  Memoriam. 
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The  oTowtli  of  the  tendency  to  refer  all  sensations 
from  within  outwards,  and  to  localise  them  in  par- 
ticular spots,  depends  on  two  causes  :  First,  there  is 
a  difference  in  the  sensations  excited  by  impressions 
on  different  parts — those  on  the  toe  being  somewhat 
unh'ke  those  on  the  finger,  and  both  unlike  those  on 
the  back  or  face.    These  differences  the  infant  soon 
learns  to  distinguish,  and  learns  to  connect  them  with 
its  experience  of  external  bodies, — which  is  the  second 
cause  in  operation.    The  infant  incessantly  moving  its 
arms  and  legs,  brings  them  in  contact  with  objects,  and 
learns  to  connect  the  two  facts — contact  and  sensation — 
by  which  a  dim  conception  of  an  external  is  reached. 
The  same  object  is  found  to  produce  different  impres- 
sions on  hands  and  feet — and  in  time  the  recoffnitiou 
of  each  sensation  is  inseparable  from  a  recollection  of 
the  part  affected. 

It  is  because  we  thus  learn  to  connect  sensations 
with  external  objects,  owing  to  the  incessant  contact  of 
the  surface  with  various  objects,  that  even  the  sensa- 
tions of  our  viscera  are,  so  to  speak,  iDrojected  from 
the  nervous  centres,  and  conceived  as  external  to  the 
sentient  organism.  When  the  optic  nerve  is  pressed, 
a  flash  of  light  appears  before  the  eye — that  is  to  say, 
there  where  light  appears  under  ordinary  circum- 
stances. When  the  ulnar  nerve  is  pressed — at  what 
is  popularly  called  the  "funny  bone" — a  pricking 
sensation  is  felt  in  the  fingers.  When  the  auditory 
nerve  is  pressed,  sounds  are  heard  which  seem  to  come 
from  without,  like  all  other  sounds.    So  incUssoluble 
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is  the  connection  of  sensation  with  some  distant  spot 
on  the  surface,  that  after  an  arm,  or  a  leg,  has  been 
amputated,  the  patient  constantly  feels  sensations  in 
the  lost  fingers  and  toes.    In  vain  experience  contra- 
dicts the  sensation ;  in  vain  he  sees  that  his  fingers 
and  toes  are  not  there  to  feel ;  he  feels  them  as  dis- 
tinctly as  ever  he  felt  them  when  they  were  parts  of 
his  living  body.    Nay,  so  urgent  is  this  conviction  at 
times,  that  men  have  actually  had  the  feet  cut  oft' 
because  of  the  pain  felt  there  ;  and  the  pain  still 
continuing  after  the  feet  were  removed,  they  have 
had  the  leg  removed  from  the  knee  ;  this  not  succeed- 
ing, they  have  had  the  hip  joint  removed.    Here  the 
seat  of  injury  was  not  in  the  foot,  but  the  sensation 
was  referred  to  the  foot.    Schiff  tells  of  a  man  whose 
leg  had  been  cut  oft"  in  childhood,  and  who  felt  pains 
in  the  toes  of  that  foot  during  the  whole  of  his  sub- 
sequent life  :  at  times  he  would  forget  his  crutch, 
spring  up  from  the  sofa,  as  if  both  legs  were  at  com- 
mand, and  only  be  aware  of  his  lameness  when  he  was 
prostrate  on  the  ground. 

Lona;  after  we  have  learned  to  refer  all  sensations  to 
the  surface,  we  have  but  an  indistinct  conception  of 
the  exact  spot  on  that  surface  where  the  impression  is 
made  ;  and  throughout  life  we  are  totally  unable  to 
refer  with  any  accuracy  to  the  particiilar  portions  of 
the  viscera,  back,  neck,  and  legs,  which  are  afiected ; 
whereas  the  hands,  feet,  tongue,  and  face  admit  of 
marvellous  nicety  in  this  respect. 

Weber  measured  the  relative  sensibility  of  various 
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parts  of  the  surface  by  means  of  a  ixiii-  of  comj^asses 
the  points  of  which  were  tipped  with  cork.    He  noted 
the  various  degrees  of  distance  at  which  the  two  points 
could  produce  two  distinct  impressions,  when  the 
patient  s  eyes  were  bandaged.    These  measurements 
show  that  the  tip  of  the  tongue  can  distinguish  two 
impressions  when  the  compass-points  are  only  half  a 
line  *  apart ;  the  tip  of  the  finger  when  they  are  one 
line  apart.    Other  spots  vary  still  more  widely  ;  for. 
example,  the  distance  of  the  lips  is  2  lines,  the  tip  of 
the  nose  3  lines,  the  cheek  5  lines,  palm  of  the  hand 
5  lines,  forehead  10  lines,  back  of  the  hand  14.  lines, 
chest  20  lines,  back  and  thigh  30  lines. 

Sir  William  Hamilton  remarks,  f  that  if  this  experi- 
ment be  repeated  with  a  pair  of  compasses  capable  by 
slight  pressure  of  exciting  a  sensation  of  pricking  or 
scratching,  it  will  be  found  that  there  is  no  corre- 
sponding difference  between  the  parts  in  theii-  sensi- 
bility to  pain.  On  the  contrary,  in  places  where  the 
sense  of  touch  is  most  alive,  the  sense  of  pain  is  in  the 
first  instance  at  least  deadened,  and  the  parts  most 
obtuse  in  discriminating  the  duplicity  of  the  touching 
points  are  by  no  means  the  least  acute  to  the  sensation 
excited  by  their  pressure.  The  tip  of  the  tongue  has 
fifty  times  the  tactile  discrimination  of  the  arm  ;  but 
the  arm  is  more  sensitive  to  a  sharp  point  applied,  but 
not  strongly,  to  the  skin,  than  either  the  tongue  or  the 
finger,  and  at  least  as  alive  to  the  presence  of  a  very 

"  A  line  is  the  12th  of  an  inch. 

t  Hamilton  :  Dissermions  in  Reid's  Wwlcs,  p.  863. 
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light  body,  a  hair,  or  feather,  drawn  along  the  sur- 
face. 

How  much  the  degree  and  kind  of  sensation  in 
various  parts  will  depend  on  the  nature  of  the  epi- 
dermis covering  those  parts,  may  be  gathered  from 
Weber's  experiments  on  patients  who  had  lost  a  por- 
tion of  the  epidermis  by  burns.  The  sense  of  touch 
was  completely  destroyed  in  those  parts  ;  the  sense  of 
temperature  was  so  imperfect  that  no  discrimination 
was  possible  between  substances  differing  so  widely  in 
temperature  as  48°  and  113° :  the  j)atient  sometimes 
declared  he  was  touched  with  the  colder  substance, 
when  in  truth  it  was  the  warmer,  and  vice  versd.  On 
another  occasion,  when  the  substance  was  still  higher 
in  temperature,  no  sensation  of  warmth  was  felt,  but 
one  of  pain. 

Curiously  enough,  the  right  hand,  which  is  more 
sensitive  to  Touch  than  the  left,  is  less  sensitive  to 
Temperature.  If  the  two  hands  be  dipped  in  two  basins 
of  water  at  the  same  temperature,  the  left  hand  will 
feel  the  greater  sensation  of  warmth ;  nay,  it  will  do 
this  even  when  thermometers  show  that  the  water  in 
the  left  basin  is  really  somewhat  colder  than  that  in 
the  right  basin.  I  suspect  that  with  "left-handed" 
persons  the  reverse  would  be  found. 

Having  established  these  two  points — first,  that  all 
sensations  are  referred  to  the  surface  ;  and,  secondly, 
that  various  parts  of  the  surface  differ  in  their  degrees 
of  Sensibility — we  shall  now  be  able  to  understand  how 
it  is  that  sensations  come  to  be  accurately  localised. 
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Toucli  a  cold  object  with  the  foot,  with  the  hand,  with 
the  arm,  or  with  the  cheek,  and  sensations  of  different 
quality  will  be  felt,  which  experience  readily  recalls  as 
arising  from  those  different  parts.    That  it  is  experi- 
ence recalling  the  past,  and  enabled  to  do  so  by  the 
midtiplicity  of  similar  sensations  in  the  past,  is  evident 
from  this,  that  only  those  portions  of  the  body  which 
are  habitually  employed  in  such  service  are  capable  of 
rendering  exact  local  references.    Thus,  let  an  insect 
sting  ns  on  the  back,  neck,  arm,  or  leg,  and  we  cannot, 
without  the  aid  of  some  other  guiding  sensation,  place 
our  fingers  on  the  spot,  but  only  near  it ;  whereas  on 
the  face,  tongue,  or  hand  we  can  unerringly  find  out 
the  spot  at  once.    If  the  reader  will  rub  his  finger 
gently  over  the  surface  of  his  hand,  he  mil  find  a 
succession  of  sensations,  all  slightly  different,  arising 
in  each  portion  of  the  rubbed  surface  :  let  him  do  the 
same  with  his  arm,  and  he  will  find  the  sensation  is 
almost  continuous.    These  differences  are  registered  in 
the  mind  ;  and  it  is  because  different  spots  yield  difier- 
ent  sensations  that  we  can  unerringly  refer  each  sensa- 
tion to  its  particular  spot.    And  thus  we  may  explain 
why  it  is  that  a  sensation  of  temperature  cannot  be 
excited  by  the  application  of  a  hot  or  cold  body  to  the 
trunk  of  a  nerve,  although  the  same  application  to  the 
filaments  of  that  nerve,  distributed  through  the  skin, 
excites  the  sensation :  our  experience  of  Temperature 
is  indissolubly  connected  with  the  peculiar  sensations 
excited  in  the  skin,  and  these  cannot  of  course  be  ex- 
cited where  there  is  no  skin. 
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Before  quitting  tliis  subject,  it  may  not  be  uninter- 
esting to  notice  the  familiar  phenomenon  which  suc- 
ceeds pressure  on  the  nerve-trunk  of  the  arm  or  leg, 
and  is  popularly  called  "pins  and  needles,"  or  "leg 
asleep."  It  arises  thus :  By  pressure,  for  a  certain 
length  of  time,  the  sensibility  of  the  nerve  is  greatly 
blunted*  When  this  pressure  is  removed  suddenly, 
the  sensibility  will  gradually  be  revived  :  as  each 
nerve-fibre,  composing  the  trunk,  returns  to  its  normal 
condition  of  sensibility,  a  pricking  sensation  is  felt, 
and  the  successive  j)rickings  from  the  successive 
awakenings  of  the  numerous  fibres  cause  the  "pins 
and  needles." 

There  are  many  other  points  connected  with  the 
Sense  of  Touch,  but  they  belong  properly  to  the  pro- 
vince of  psychology,  and  we  shall  not  treat  of  them 
here,  having  to  consider  the  other  surface-sensations. 

2.  The  Sense  of  Taste.  —  This  is  indubitably  a 
special  sense.  It  has  a  special  apparatus,  and  only 
in  this  apparatus  can  the  sensations  known  as  those 
of  Taste  be  excited  by  savoury  bodies,  and  only  these 
sensations  can  be  excited  in  it  by  electrical  or  me- 
chanical stimuli.  Instead,  therefore,  of  seeking  for 
the  source  of  these  sensations  in  the  general  sm-face  of 
the  body,  we  have  to  seek  it  in  a  particular  part  of 
the  surface.  What  is  that  part  ?  Ordinary  usage  has 
assigned  to  the  tongue  alone  the  function  of  Taste  ; 

*  The  phrase  "sensibility  of  the  nerve"  is  used  in  the  text  in  its 
popular  acceptation.  The  reader  is  aware  that  I  admit  sensibility  only 
in  nerve-centres. 
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and  I  think  ordinary  usage  is  here  physiologically 
correct,  in  spite  of  the  disputes  which  have  been,  and 
still  are,  kept  up  by  various  experimenters. 

Miiller,  for  example,  maintains  that  the  back  part  of 
the  mouth  {fauces)  is  the  seat  of  this  sense,  which  is, 
however,  more  especially  seated  in  the  tongue.  Valen- 
tin thinks  the  whole  lining  membrane  of  the  mouth,  as 
well  as  the  upper  and  under  surfaces  of  the  tongue,  are 
the  seat  of  this  sense.  And  as  these  are  two  of  the 
most  eminent  names  in  modern  science,  a  great  weight 
necessarily  attaches  itself  to  their  opinions.  The  sub- 
ject is  one,  however,  in  which  experiment  is  apt  to  be 
delusive,  unless  excessive  caution  be  employed,  because 
when  a  savoury  body  is  brought  in  contact  with  any 
part  of  the  mouth,  the  dissolved  particles  are  diffused 
by  the  saliva  throiigh  the  mouth,  and  quickly  come  in 
contact  with  the  nerves  of  Taste.  If,  however,  a  sweet 
or  bitter  substance  be  rubbed  against  the  gums,  the 
palate,  or  the  under  part  of  the  tongue — care  being 
taken  that  the  tongue  does  not  touch  gums  or  palate — 
no  sensation  of  sweetness  or  bitterness  will  at  first  be 
felt.  Soon  afterwards  a  sensation  is  felt,  but  that  arises 
from  the  diffusion  of  the  savoury  particles.  If  the 
tongue  be  allowed  to  touch  the  spot,  the  sensation  will 
be  instantaneous.  This  experiment  is  easily  performed, 
and  its  residts  are  uniform.* 

For  a  substance  to  be  tasted,  it  must  either  be  in 
solution,  or  be  soluble  in  the  moisture  of  the  tongue. 

The  investigations  of  Schiemer,  Nonnullm 
times,  1856,  entirely  confirm  this  view. 
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If  insoluble,  it  excites  a  sensation  of  toucli,  but  not  of 
taste.    The  sensations  of  Taste  may  also  be  excited  by 
mechanical  and  electrical  stimuli — by  gases,  or  a  stream 
of  cold  air  ;  which  shows  that  the  quality  of  sweetness, 
sourness,  bitterness,  or  the  like,  depends  on  the  nerve 
affected,  even  more  than  on  the  nature  of  the  substance 
affecting  it.    Thus  Henle  found  that  a  stream  of  cold 
air  directed  upon  the  tongue  gave  rise  to  a  cool 
saline  taste,  like  that  of  saltpetre.    Dr  Baly  found 
"that  if  the  end  of  the  finger  be  made  to  strike 
quickly  but  lightly  the  surface  of  the  tongue  at  its 
tip,  or  its  edge  near  the  tip,  so  as  to  affect,  not  the 
substance  of  the  tongue,  but  merely  its  papillae,  a 
taste  sometimes  acid,  sometimes  sahne,  like  the  taste 
produced  by  electricity,  will  be  distinctly  perceived. 
The  sensation  of  taste  thus  induced  will  sometimes 
continue  several  seconds  after  the  application  of  the 
mechanical  stimulus."  *   I  have  found  that  active  gar- 
gling with  cold  water  often  produces  a  decided  sweet 
taste,  which  lasts  for  several  seconds ;  yet  drinking 
cold  water  will  not  produce  the  slightest  sensation  of 
taste.    And  Stich  has  recently  published  researches  f 
which  prove  that  gases  are  tasted  no  less  than  solu- 
tions. If  the  tongue  be  outstretched,  carefuUy  dried,  the 
lips  pressing  upon  it,  and  the  nose  stopped,  a  stream  of 
carbonic  acid  gas  directed  upon  the  edges  of  the  tongue 
will  instantly  produce  the  acid  sweet  taste  of  carbonic 
acid  ;  whereas  carbonic  acid  may  be  directed  through 
water  for  a  long  while  without  rendering  it  perceptible 

•  Mulleb's  Physiology,  ii.  1062  ;  Dr  Halt's  note. 


f  See  Canstatt  :  JakresUricht,  1S57,  p.  111. 
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to  taste.     CJiloroform  Vcajioiir  also  produces  a  taste 
iiuder  similar  circumstances  ;  but  if  the  edges  of  tlie 
tongue  be  covered,  and  the  vapour  be  directed  on  the 
upper  or  under  surface^  no  taste  is  felt.     That  elec- 
tricity produces  a  sensation  of  taste,  every  one  knows. 
Indeed,  it  was  in  this  very  fact  of  taste  arising  from 
the  contact  of  two  metals  in  the  mouth,  that  Volta's 
discovery  originated  ;  and  among  the  marvels  of  sci- 
ence we  may  surely  rank  this,  that  an  observation, 
apparently  so  trivial,  should  have  been  the  starting- 
point  of  a  series  of  discoveries  which  have  changed  the 
whole  body  of  science,  and  have  profoundly  altered  the 
whole  possibilities  of  industrial  art.    Here,  as  through- 
out the  study  of  Nature,  we  learn  that  nothing  is  tri- 
vial except  to  trivial  minds  ;  and  to  trivial  minds  no- 
thing is  important  unless  it  directly  concerns  their 
interests. 

Our  senses  are  the  sentinels  which  guard  us  against 
the  approach  of  danger.  The  sense  of  Taste  warns  us 
against  swallowing  deleterious  substances,  as  that  of 
Smell  warns  us  against  noxious  gases,  and  against 
some  that  are  not  noxious,  while  it  allows  others  to 
pass  which  are  very  injmious.  Indeed,  the  value  of  this 
service  must  not  be  exaggerated,  as  by  many  writers 
it  is,  who  seem  blind  to  daily  fact,  when  they  have  a 
thesis  to  maintain.  The  Senses  are  sentinels  which  ' 
sometimes  sleep,  and  sometimes  allow  an  enemy  to 
pass,  if  the  watchword  be  given ;  and  thus  children 
are  poisoned  by  agreeable  berries,  men  eat  with  great 
relish  substances  which  prove  very  noxious.  "  Among 
the  lower  animals,"  says  Dr  Carpenter,  "the  instinc- 
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tive  perceptions  counected  with  tliis  sense  are  much 
more  remarkable  than  our  own" — a  statement  which  is 
somewhat  startling,  considering  that  man's  instinct 
has  enabled  him  to  detect  so  many  eatable  substances 
which  prove  eminently  beneficial ;  but  the  grounds  on 
which  the  statement  is  made  are  questionable  :  "Thus/' 
he  continues,  "an  omnivorous  monkey  will  seldom 
touch  fruits  of  a  poisonous  character,  although  their 
taste  may  be  agreeable."  *  Agreeable  to  whom  ? — to 
the  monkey  ?  If  the  taste  were  agreeable  to  the  monkey, 
the  poisonous  character  of  the  fruit  would  not  prevent 
his  eating  it ;  if  disagreeable  to  the  monkey,  there  is 
surely  small  marvel  in  his  leaving  it  untouched,  how- 
ever pleasant  the  flavour  may  be  to  another  animal. 

Sensations  of  Taste  are  properly  only  those  of  fla- 
vo.urs.  Many  pungent  substances,  such  as  mustard, 
produce  powerful  sensations  ;  but  although  frequently 
classed  among  the  sensations  of  Taste,  these  are  really 
nothing  more  than  irritations,  differing  in  degree,  but 
not' in  kind,  from  those  produced  by  the  same  sub- 
stances on  other  parts  of  the  surface. 

Taste  and  Smell  act  so  constantly  together  that  we 
not  unfrequently  confound  them.  Many  substances 
which  are  considered  eminently  savorous  are  tasteless 
if  the  sense  of  Smell  be  in  abeyance — as  when  the  nose 
■  is  held,  or  at  the  early  stage  of  a  cold  in  the  head.  The 
louquet  of  wines  intensifies  their  flavour  ;  and  there  is 
no  more  popular  method  of  taking  a  black  draught  than 
that  of  holding  the  nose  till  all  be  swallowed. 

*  Human  Physiology,  p.  696. 


TASTE. 


305 

There  is  another  jjoint  in  which  Taste  resembles 
Smell  :  a  moist  surface  is  absolutely  necessary  for 
the  organ  to  become  sentient.  No  substance,  however 
savoury,  can  be  tasted  if  the  tongue  be  perfectly  dry  ; 
whereas  gases,  as  we  have  seen,  require  that  the  tongue 
should  not  be  moist  if  they  are  to  produce  a  taste. 

After-tastes  are  sometimes  observed.    They  endure 
long  after  the  substance  which  excited  them  has  been 
removed,  and  modify  the  taste  of  other  substances. 
Miiller  remarks  that  after  he  had  chewed  a  piece  of  the 
root  of  sweet-flag  (Acorus  calamus),  milk  and  coffee 
had  a  sourish  taste.    The  intensely  bitter  taste  of  tan- 
nin is  followed  by  sweetness.    Every  one  knows  how 
sweets  injure  the  flavour  of  wines,  and  how  some  other 
substances,  such  as  olives  or  cheese,  improve  it.  There 
appears  to  be  something  of  the  same  relation  existing 
among  tastes  which  is  observed  among  colours  ;  those 
which  are  opposed,  or  complementary,  rendering  each 
other  more  vivid. 

Taste  soon  becomes  blunted,  unless  varied ;  as  the 
sensation  of  colour  becomes  more  and  more  indistinct 
the  longer  the  eye  dwells  on  it.    In  illustration  of  this 
there  is  a  familiar  experiment :  a  man's  eyes  are  band- 
aged, and  he  is  made  to  drink  alternately  of  port  and 
sherry ;  at  first  he  readily  distinguishes  the  one  wine 
from  the  other ;  but  after  a  few  sips  it  becomes  impos- 
sible for  him  to  say  which  is  port  and  which  sherry : 
whereas  if  he  were  aUowed  to  eat  a  bit  of  biscuit,  or 
to  drink  a  little  water  from  time  to  time,  he  could  con- 
tinue distingiiishing  each  wine  indefinitely 
VOL.  II.  ,  2  ^ 
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"  The  reaction  of  the  sense  of  taste  seems  capable  of 
being  excited  also  througb  the  medium  of  the  blood, 
in  the  same  way  that  the  sense  of  vision  is  affected,  so 
as  to  produce  flickering  before  the  eyes,  &c.,  by  the 
presence  of  narcotic  substances  in  the  circulation.  M. 
Majendie  has  observed  that  dogs,  into  whose  veins  milk 
has  been  injected,  lick  their  lips  with  their  tongue,  as 
if  they  tasted.    It  is  probable  that  the  sense  of  taste  is 
sometimes  modified,  and  peculiar  sensations  of  taste 
excited  by  internal  changes  in  the  condition  of  the 
nerves;  but  it  is  difficult  to  distinguish juch  pheno- 
mena from  the  effects  of  external  causes,  such  as 
changes  in  the  nature  of  the  secretions  from  the 
mouth."  * 

3.  TU  Sense  of  Smell  — The  organ  of  Smell  is 
situated  in  the  upper  part  of  the  interior  of  the  nose. 
This  much  is  certain  ;  but  the  reader  wiU  probably  be 
surprised  to  learn  that  serious  doubts  are  permissible 
as  to  whether  the  so-called  Olfactoiy  nerves  (the  first 
pair)  are  in  truth  olfactory  in  function.    Let  us  first 
take  a  general  view  of  the  parts  supposed  to  contribute 
to  the  sense  of  smell,  as  represented  in  fig.  64,  after 
Sommering. 

From  the  base  of  the  brain  there  issues  on  each  side 
a  long  process,  with  a  bulb  at  the  end  (a  and  b).  This 
process  is  called  the  Olfactorius.  It  is  now  no  longer 
regarded  as  a  nerve,  but  as  a  portion  of  the  cerebrum. 
It  was  thus  also  that  Galen  regarded  it,  not  on  very 
accurate  knowledge,  we  must  admit ;  and  till  the  time 
*  Mulleb:  Physiol,  ii.  1324. 
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of  Willis  this  opinion  prevailed.  From  Willis  down 
to  our  own  day  the  process  was  considered  to  be  the 


Fig.  64. 


olfactory  nerve,  until  microscopic  examination  showed 
that  it  was  not  a  nerve,  but  a  ganglionic  mass.  The 
olfactory  bulb  (&)  lies  upon  that  part  of  the  skull  named 
the  cribriform  plate.  Through  the  holes  in  this  plate 
some  five-and-twenty  smaller  processes,  called  the  olfac- 
tory filaments  (b'),  descend,  and  ramify  on  the  mucous 
membrane  of  the  nose. 

To  complete  our  survey  of  the  organ,  let  us  glance 
at  the  other  nerves  which  enter  the  nose.  At  e  we 
obseiTC  a  twig  of  the  ophthalmic  branch  of  the  fifth 
nerve,  which  has  nothing  to  do  mth  the  sense  of 
Smell.  At  c  is  the  fifth  nerve,  and  the  Gasserian  gan- 
glion c' ;  and  at  d  its  superior  maxillary  division,  send- 
ing off  filaments  which  anastomose  with  the  olfactory 
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filaments.    At  o  there  are  the  twigs  whicli  supply  the 
palate. 

All  these  are  nerves;  but  whether  the  olfactory  fila- 
ments are  nerves,  is  not,  to  my  mind,  absolutely  cer- 
tain ;  and  whether  they  have  any  intrinsic  relation  to 
the  sense  of  Smell  is  even  more  dubious. 

If  the  olfactory  filaments  are  really  nerves,  they  are 
unlike  every  other  nerve  in  the  body.  The  bulb  is  a 
ganglionic  mass,  but  the  filaments  which  descend  from 
it  are  unlike  all  other  nerves  issuing  from  ganglia. 
They  are  neither  formed  of  tubular  fibres,  nor  sm-- 
rounded  with  the  investing  membrane  (neurilemma),  such 
as  is  found  in  other  nerves,  but  with  a  very  diS"erent 
membrane.  They  consist  of  a  striped  granular  mass, 
not  of  distinct  fibres.  Nuclei  are  abimdantly,  but 
irregularly,  scattered  through  this  mass.    Todd  and 

Bowman  remark,  that 
if  these  filaments  be 
compared  with  the 
filaments  of  the  fifth 
nerve,  which  anasto- 
mose with  them,  the 
contrast  will  be  very 
obvious.  Those  ana- 
tomists have  given  a 
representation  of  an 
olfactory  filament  of 
Olfactory  Filaments  of  Doo.  the  dog,  which  is  here 

A,  in  acetic  acid  ;B,  in  water.  ^gproduced. 

This  peculiarity  in  the  structure  of  the  olfactory 
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filament  has  been  carefully  investigated,*  and  likened 
to  that  of  the  grey  or  gelatinous  fibres  which  Reniak 
first  discovered  intermingled  with  true  nerve-fibres  in 
the  sympathetic  S3^stem.    These  grey  fibres,  however, 
are  by  many  recent  anatomists  pronounced  to  be  pecu- 
liar forms  of  connective  tissue,  and  not  nerve-fibres. 
Be  this  as  it  niay,f  we  must  remember  that  the  grey 
fibres  only  intermingle  with  the  ordinary  fibres;  they 
do  not  constitute  the  whole,  or  greater  part  of  a  nerve ; 
so  that,  if  the  ol&ctory  filaments  are  nerves,  they  are 
markedly  different  from  all  other  nerves.    Indeed,  two 
:  recent  writers,  Seeberg  and  Erichsen,  declare  them  to 
i  be  formed  of  connective  tissue,  and  not  to  be  nerves. 
Bidder,  their  master,  holds  the  same  opinion. 
There  is  one  fact  which  is  almost  decisive.  We 
Iknow  that  all  nerves  degenerate  when  the  ganglion 
iwith  which  they  are  in  connection  is  destroyed.  If, 
t  therefore,  the  olfactory  filaments  were  nerves,  they 
c  ought  to  degenerate  after  destruction  of  the  bulb  ;  and 
.las  they  do  not  degenerate  after  destruction  of  the  bulb, 
it  is  almost  certain  that  they  are  not  nerves. 
Having  thrown  doubts  on  the  nature  of  the  olfactory 
n nerves,  I  must  now  proceed  to  throw  doubts  on  their 
olfactory  function.   These  doubts  are  by  no  means  new 
^Majendie  thought  he  had  proved  by  experiment  that 
^Smell  persisted  after  the  nerves  had  been  destroyed ; 

*  Todd  andEowMAX:  Physiol.  Anal.  ii.  8  ;  Kolliker:  Geweldehre; 
-^LEYDia :  Hutologie,  215  ;  Sharpey  and  Elus  :  Quam's  Anat.  iii.  82. 
t  See  Kolliker:  Oewebelehre,  p.  343  ;  Leydig  :  Histologie;  Bidder 
ind  KuPFPER  :  Untersuchnnoen  uher  die  Textur  des  Ruckenmarks,  p.  27. 
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but  liis  experiments  have  been  rejected,  as  proving 
nothing.    Maj endie  said  it  would  be  important  to  ascer- 
tain whether  the  congenital  absence  of  the  olfactory- 
nerves  was  coincident  with  the  absence  of  Smell    "  I 
do  not  know,"  he  added,  "  that  any  such  case  has 
been  observed/'  Hereupon  Longet  replies  with  triumph, 
"  In  my  Treatise  on  the  Nervous  System,  vol.  ii. 
p.  38,  may  be  read  cases  reported  by  Schneider,  Eol- 
finck,  Magnemus,  Falmer,  Kosenmiiller,  Cerutti,  Valen- 
tin, and  Pressat,  in  which  the  complete  absence  of 
Smell  coincided  with  a  congenital  absence  of  the  olfac- 
tory nerves."* 

This  answer  seemed  very  conclusive  to  M.  Longet, 
and  may  seem  so  to  the  reader,  untH  he  reflects  that 
the  fact  of  a  function  being  absent  at  the  same  time 
that  a  particular  organ  is  absent,  is  no  proof  of  a  direct 
and  absolute  relation  between  the  two  ;  whereas  if  one 
case  can  be  adduced  in  which  the  function  was  present, 
and  this  particular  organ  absent,  that  is  categorical 
proof  of  the  function  not  being  dependent  on  the  organ. 
One  such  positive  would  outweigh  a  hundred  negatives. 

Maj  endie  cited  one  case  in  which  disease  had  en- 
tirely destroyed  the  olfactory  nerves  without  destroy- 
ing the  sense  of  Smell.  But  B^rard,  who  communi- 
cated the  case,  subsequently  came  to  the  conclusion, 
"  that  the  information  respecting  the  olfactory  sensi- 
bility of  this  patient  having  been  coUected  after  the 
destruction  of  the  nerves  was  ascertained,  it  is  far  fro 
reliable,  and,  I  am  convinced,  was  false."  f 

*  Longet  :  Traiti  de  Physiol,  ii.  278,  t  Ibid. 
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In  cases  of  disease  we  are  never  certain  as  to  the 
precise  effects,  for  we  can  never  be  certain  as  to  the 
extent  of  the  organic  interference.    But  in  cases  of 
congenital  deficiency  we  sometimes  meet  with  instruc- 
tive evidence  ;  and  on  this  very  subject  we  can  bring 
forward  one  which  has  all  the  characters  demanded 
by  rigorous  scrutiny,  reported  by.  an  authority  of  the 
highest  eminence,  Claude  Bernard.     When  he  was 
Majendie's  assistant  at  the  College  de  France,  he  com- 
menced the  dissection  of  the  head  of  a  woman  who 
had  died  of  consumption  in  the  hospital.    On  opening 
the  skull  he  was  startled  to  find  a  complete  absence  of 
the  olfactory  nerves.    Closer  investigation  showed  that 
in  all  other  respects  the  brain  was  of  the  normal  struc- 
ture, its  membranes  and  vessels  normal,  and  the  ori- 
gin of  all  the  other  nerves  perfectly  regular  ;  but  of 
olfiictory  nerve,  or  bulb,  there  was  not  a  trace.  This 
was  not  a  case  of  absence  from  disease,  but  of  coneeni- 
tal  malformation.    This  interesting  anatomical  speci- 
men is  still  preserved  in  the  College  de  France  ;  and  a 
figure,  representing  the  brain  and  the  base  of  the  skull, 
is  given  by  M.  Bernard.  * 

In  the  presence  of  such  a  remarkable  fact  as  this, 
M.  Bernard  naturally  sought  its  physiological  interpre- 
tation. He  went  to  the  persons  with  whom  the  young 
woman  had  lived  for  the  last  six  months,  and  without 
giving  them  any  clue  as  to  the  object  of  his  questions, 
interrogated  them  minutely  respecting  her  modes  of 
life,  and  her  likes  and  dislikes,  taking  especial  care  to 
*  Claude  Bernard  :  Syst&me  Nervtux,  ii.  232. 
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draw  tlie  conversation  to  topics  whicli  would  elicit 
details  respecting  lier  sense  of  smell.  From  them  he 
learned  that  "  M  arie  found  the  odour  of  tobacco  insup- 
portable," and  that  "  particularly  in  the  morning,  when 
she  came  into  the  room  in  which  any  one  had  been 
smoking  overnight,  her  first  act  was  to  open  the  win- 
dow to  let  out  the  unpleasant  smeU  of  stale  tobacco — 
Id  mauvais  odeur  de  pi])e  renferme!'  He  learned 
also  that  she  frequently  complained  of  the  fetid  smell 
of  a  closet  which  was  near  her  room  ;  and  that  for  six 
weeks  she  officiated  as  cook,  tasting  sauces,  &c.,  and 
being  rather  distinguished  for  her  skUl  at  it. 

M.  Bernard  then  went  to  the  man  with  whom  Marie 
had  cohabited  during  four  years.  He  said  that  Marie 
was  fond  of  flowers,  and  always  smelt  at  them.  In 
fact,  she  tasted  and  smelt  like  every  one  else.  A  third 
person,  who  had  tended  Marie  dm-ing  her  last  ilhiess, 
mentioned  in  particular  that  Marie  often  complaiaed  of 
unpleasant  odours. 

It  is  impossible  to  escape  the  conclusion  that  Marie 
really  did  possess  the  sense  of  SmeU,  unless  we  suppose 
a  conspiracy  on  the  part  of  all  these  persons  to  state 
what  they  knew  to  be  false — a  conspiracy  as  incredible 
as  it  would  have  been  idle.  Even  assuming  an  exagge- 
ration in  their  statements,  the  particulars  are  such  as 
force  our  belief  that  some  degree  of  Smell  must  have 
been  manifested;  and  the  presence  of  even  a  feeble 
function  in  the  complete  absence  of  the  olfactory 
nerves,  is  enough  to  prove  that  the  function  in  ques- 
tion cannot  be  that  of  those  nerves.    For  observe,  it  is 
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not  a  case  of  degree  we  have  here  ;  it  is  not  a  case  of 
olfactory  nerves  paitially  destroyed,  or  incompletely 
developed  ;  it  is  a  case  of  entire  absence  of  those 
nerves,  ganglion  and  all  ;  yet  with  this  entire  absence 
there  is  unequivocal  evidence  of  the  sense  of  Smell 
being  present. 

M.  Bernard  remarks,  that  in  no  case  hitherto  re- 
corded has  the  absence  of  olfactory  nerves  been  pre- 
dicted from  the  imperfection  of  the  sense  of  smell,  and 
this  prediction  subsequently  found  to  be  accurate ;  but 
that  after  the  anatomical  fact  has  been  discovered,  men 
have  sought  for  proofs  of  the  absence  of  a  sense  of 
smell  in  what  nurses  or  relatives  could  narrate.   "  If," 
he  says,  "any  one  case  can  be  shown  me  in  which, 
during  life,  the  physician  has  observed  absence  of  the 
sense,  and  predicted  a  corresponding  absence  of  the 
nerves,  which  prediction  has  subsequently  been  veri- 
fied, I  will  wUhngiy  hold  my  case  to  be  insignificant. 
No  such  case,  however,  exists.^'    M.  Bernard  here 
seems  to  me  more  ready  to  concede  the  insignificance 
of  his  case  than  philosophy  justices.    However  great  a 
presumption  might  be  founded  on  the  successful  pre- 
diction, it  would  still  be  very  far  below  the  value  of 
such  a  case  as  that  recorded  by  him. 
This  inquiry  into  the  organ  of  Smell  has  only  inter- 
'  est  for  the  student ;  the  general  reader  must  pardon 
1  its  introduction  — a  pardon  he  can  the  more  easUy 
!  grant,  since  he  has  probably  skipped  the  paragraphs 
^  devoted  to  the  inquiry.    Enough,  then,  if  we  know  , 
•  that  the  mucous  membrane  lining  the  upper  cavity  of 
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the  nose  is  the  seat  of  smell ;  and  as  this  part  is  also 
furnished  with  filaments  from  the  fifth  pair  of  nerves, 
we  may  conclude  that  these  can  serve  the  function  of 
Smell  as  their  fellows  can  serve  the  function  of  Taste. 

The  odorous  substances  are  very  numerous  ;  but  it 
is  iudispensable  that  they  should  be  in  a  gaseous  or 
volatile  condition  before  they  can  excite  the  sensation 
of  smell.  Musk  itself,  powerful  as  is  its  odoriferous 
property,  would  produce  no  sensation  on  the  olfac- 
tory organ,  if  applied  to  it.  in  a  solid  state ;  nor  can 
liquids  produce  odours  till  they  evaporate.*  Our  dis- 
tinguished chemist,  Mr  Graham,  contributes  the  follow- 
ing valuable  note  to  Mr  Bain's  work  on  the  Senses  and 
the  Intellect : — 

"  Odorous  substances  are  in  general  such  as  can  be 
readily  acted  on  by  oxygen.  For  example,  sidphm-etted 
hydrogen,  one  of  the  most  intense  of  odours,  is  rapidly 
decomposed  in  the  air  by  the  action  of  the  oxygen  of 
the  atmosphere.  In  like  maimer,  the  odorous  hydro- 
carbons are  all  oxydisable — the  ethers,  alcohol,  and  the 
essential  oUs  that  make  aromatic  perfumes.  The  gases 
that  have  no  smell  are  not  acted  on  by  oxygen  at  ordin- 
ary temperatures.  The  marsh  gas,  carburetted  hydro- 
gen, is  a  remarkable  case  in  point.  This  gas  has  no 
smell.    As  a  proof  of  the  absence  of  the  oxydisable 

*  "  It  throws  some  light  on  the  diversity  of  taste  which  prevails  in 
regard  to  scents,  that  the  same  substance  may  be  agreeable  in  a  diluted 
which  is  offensive  in  a  concentrated  state.  The  volatile  oils  of  neroli, 
thyme,  and  patchouli  are  in  themselves  unpleasant,  but  when  diluted 
with  a  thousand  times  their  bulk  of  oil  or  spirit,  their  fragrance  is  de- 
lightful."—JohnSTON'8  CImnstrtj  of  Common  Life,  ii.  241,  last  edition. 


SMELL. 


315 


property,  Professor  Graham  has  obtained  a  quantity  of 
the  o-as  from  the  deep  mines  where  it  had  lain  for  geo- 
logical ages,  and  has  found  it  actually  mixed  up  with 
free  oxygen,  which  would  not  have  been  possible  if 
there  had  been  the  smallest  tendency  for  the  two  to 
combine.  Again,  hydrogen  has  no  smell,  if  obtained  in 
the  proper  ciixumstances  :  now  this  gas,  although  com- 
bining with  oxygen  at  a  sufficiently  high  temperature, 
does  not  combineat  any  temperature  endurable  by  human 
tissues.  It  is  farther  determined,  that  unless  a  stream 
of  air  containing  oxygen  pass  into  the  cavities  of  the 
nostrils  along  with  the  odoriferous  effluvium,  no  smell 
is  produced.'  Also,  if  a  current  of  carbonic  acid  accom- 
panies an  odour,  the  effect  is  arrested.  These  facts  go 
to  prove  that  there  is  a  chemical  action  at  work  in 
smell,  and  that  this  action  consists  in  the  combina- 
tion of  the  oxygen  of  the  air  with  the  odorous  sub- 
stance." * 

In  few  things  do  human  beings  differ  more  widely 
than  in  their  sense  of  Smell.  Not  only  is  the  acute- 
ness  of  this  sense  markedly  diflferent  in  different  men, 
but  of  twenty  men  having  average  susceptibility,  per- 
haps no  two  will  be  found  to  agree  in  considering  the 
same  odours  agreeable.  Musk  is  notoriously  very 
offensive  to  many  persons  ;  others  do  not  like  mignon- 
ette ;  some  do  not  recognise  any  odour  at  all  in  a 
flower  considered  very  odorous  by  others.  The  Iris 
persica  was  found  by  Turner  to  have  a  pleasant  odour 
by  forty-one  out  of  fifty-four  persons,  a  disagreeable 

*  Bain  :  TJie  Senses  and  the  Intellect,  p.  163. 
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odour  by  one,  and  very  little  scent  by  four  others.  Of 
thirty  persons,  twenty- three  held  the  Anemone  nemo- 
rosa  agreeable  in  its  perfume,  and  the  other  seven  did 
not  think  that  it  smelled  at  all* 

The  uses  of  smell  are  important,  and  in  animals 
much  more  so  than  in  man.  It  is  by  smell  that  they 
are  guided  to  their  food ;  by  smell  they  hunt  theii- 
prey  ;  by  smell  they  recognise  each  friend  or  foe  in  the 
dark.  That  we  are  not  endowed  with  such  keenness 
of  scent,  is  probably  owing  to  the  comparatively  small 
exercise  of  that  function  in  civilised  life.  Haviuo-  so 
many  other  avenues  of  sensation,  so  many  other  modes 
of  recognising  objects,  this  one  falls  into  abeyance,  and 
becomes  weakened  from  disuse.  Biit  in  men  born  with 
one  or  more  of  the  other  senses  defective.  Smell  is 
seen  to  be  an  important  avenue  to  the  mind  ;  and  in 
savages  the  keenness  of  scent  notoriously  surpasses  that 
of  civilised  races.  James  Mitchell  was  born  blind, 
deaf,  and  dumb  ;  yet  by  smell  he  at  once  perceived  the 
entrance  of  a  stranger  into  the  room.  People  who  have 
a  strong  antipathy  to  cats,  detect  their  presence  by  the 
odour  in  circumstances  which  would  be  thought  impos- 
sible. A  lady  in  my  study  one  day  suddenly  remarked 
— "  There  is  a  cat  in  the  room ;"  on  my  assuring  her 
there  was  none,  she  replied,  "Then  there  is  one  in  the 

*  Draper  :  Human  Physiol.,  427.  Comp.  also  Muller,  ii.  1317. 
There  is  a  valuable  collection  of  facts  with  regard  to  smell  in  Clo- 
QUET,  Osphresiologie,  1821,  a  work  often  cited,  but  one  I  have  not 
seen. 
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passage."  I  went  out  to  satisfy  her  ;  there  was  no  cat 
in  the  passage  ;  but  on  the  first  landing-stairs,  lookino- 
through  the  railings,  there,  sure  enough,  was  the  cat ! 

Humboldt,  whose  authority  renders  credible  what 
might  otherwise  seem  questionable,  declares  that  the 
Peruvian  Indians  can,  in  the  dark,  distinguish  by  the 
smell  the  diiferent  races,  European,  American-Indian, 
or  NegTo. 

There  is  one  more  point  needful  to  be  noted  here : 
it  is,  that  the  animal  eflSuvia  are  all  dense  gases  (except 
sulphuretted  hydrogen),  and  are  diffused  slowly.  In 
course  of  a  little  time,  they  will  mingle  with  the 
lighter  gases,  according  to  the  law  of  diffusion,  but 
inasmuch  as  they  thereby  become  diluted,  the  odour 
will  best  be  perceived  somewhere  near  the  ground.  It 
is  on  this  account  that  the  pointer  and  bloodhound 
run  with  the  nose  to  the  ground.    The  unwholesome 
effluvia  of  decaying  matter  will  be  felt  in  the  ground- 
floor,  scarcely  perceived  by  the  persons  in  the  fii-st- 
floor,  and  perhaps  not  at  all  in  the  garret.    Hence  the 
danger  of  lying  on  the  ground  in  tropical  swamps. 
"  Swung  on  a  tree  fifty  feet  high,  one  may  pass  the 
night  safely." 

4.  The  Sense  of  Hearing.— The  sensations  of  sound 
are  quite  special,  and  are  only  capable  of  being  ex- 
cited in  a  special  organ,  the  Ear.  This  organ  is  very 
complicated,  and  as  the  functions  of  its  various  parts 
have  not  yet  been  all  ascertained,  it  would  lead  us  into 
unnecessary  detail  were  we  here  to  examine  its  struc- 
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ture  minutely.  Eef erring  the  student  to  anatomical 
writers,*  we  will  endeavour  to  render  the  general 
structure  intelligible. 

The  following  figures  represent  a  section  of  the 
auditory  organ,  somewhat  magnified  in  respect  to  the 
deeper  structures.  They  are  copied,  with  alterations, 
from  MUne  Edwards  : — 


Fig.  66. 


The  ear-bones  removed  from  this  figure  are  exhibited 
magnified  in  Fig.  67. 

*  TOTNBEE  :  Philos.  Trans.,  1851 ;  Todd  and  BowMAif :  Physiol. 
Anat.,  XL.;  Sharpet  and  Ellis:  Quain's  Anai.,  iii. ;  Kulliker: 
Gewehelehre,  1859  ;  CoRTi  in  Siebold  U.  Kolliker  :  Zeitsch-ift,  1851, 
iii.  In  Muller's  Physiology,  the  chapter  on  the  Sense  of  Hearing  is 
very  exhaustive.  LoNGET,  also,  is  worth  consulting  :  Traili  de 
Phys.,  ii. 
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The  essential  part  is,  of  course,  the  auditory  uei^e, 
numerous  minute  filaments  of  which  are  distribut- 
ed over  the  membrane  which  Fig^67. 
lines  the  spiral  chambers  of 
the  Labyrinth,  or  internal  ear. 
This  membrane  is  a  sac,  en- 
closing liquid.    It  is  also  sur-^ 
rounded  by  liquid,  which  in- 
tervenes  between  it  and  the 
bony  walls  of  the  spiral  cham- 
bers    The  impression  of  the  vibrations,  produced  m 
this  liquid,  on  the  auditory  filaments,  causes  the  sen- 
sation of  sound. 

How  are  these  vibrations  produced  ?  When  bodies 
are  struck,  vibrations  are  communicated  to  the  atmo- 
sphere. These  reach  the  external  ear.  A  mechan- 
ical contrivance  of  great  simplicity,  which  has  been 
imitated  in  the  ear-trumpet,  collects  and  concentrates 
the  vibrations  on  the  membrane  of  the  tympanum  (or 
middle  ear).  The  membrane  has  been  likened  to  the 
skin  stretched  across  a  drum. 

According  to  popular  conceptions,  the  pulsations  of 
air  upon  this  membrane  stretched  across  the  tympanum 
are  the  causes  of  the  sounds  we  hear.  This  is  a  mis- 
take. A  drum  is  silent  if  its  skin  be  burst ;  because 
the  skin  is  the  vibrating  surface  of  the  drum.  'But  the 
ear  is  not  a  drum,  and  the  membrane  of  the  tympanum 
may  be  burst,  not  only  without  destruction  of  hearing, 
but  in  some  cases  with  a  terrible  incrmse  in  suscep- 
tibHity  to  sounds.    Cheselden  destroyed  both  mem- 
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branes  in  dogs,  and  found  they  were  terrified  at  all 
loud  sounds  ;  and  there  is  a  case  on  record  of  a 
man  with  a  hole  in  his  tympanum,  to  whom  the 
whistling  of  another  man  in  an  adjoining  room  was  in- 
tolerable. 

Nevertheless,  we  must  bear  in  mind  that  the  vibra- 
tions of  this  membrane  are  really  of  great  assistance  in 
hearing  ;  and  it  is  found  that  a  thickening,  or  stiffening 
of  it,  or  even  unusual  dryness,  wiU  render  hearing  dull. 
Many  a  temporary  deafness  has  passed  away  after  the 
ear  has  been  well  syringed  with  warm  soap-and-water. 
According  to  a  valuable  memoir  by  Dr  Edward  Clatke, 
an  American  physician,  the  membrane  plays  a  more 
important  part  than  physiologists  have  been  willing 
to  admit.    Against  the  facts  cited  above  may  be  placed 
his  observations  of  seventy-five  cases  of  perforated 
membranes  :  of  these,  in  five  cases,  the  tick  of  a  watch 
was  not  heard ;  in  eleven  others  it  was  only  heard 
when  the  watch  was  close  to  the  ear  ;  in  twenty-three 
others  only  at  a  distance  of  five  inches  from  the  ear  ; 
in  sixteen  others  only  at  a  distance  varying  from  six 
inches  to  a  foot ;  in  fifteen ^thers  at  a  distance  of  one 
to  two  feet ;  and  in  fom-  cases  at  two  to  four  feet ; 
whereas  in  the  ordinary  condition  of  the  ear  the  tick  is 
heard  at  fourteen  or  fifteen  feet.*    These  observations 
are  valuable,  but  I  would  call  attention  to  a  source  of 
fallacy  in  them.    It  is  forgotten  that  a  man  with  one 
perforated  tympanum  has  still  the  other  ear  unaffected, 

*  Clarke:   American  Journal  of  Medical  Science,  1858,  p.  13; 
abstracted  in  Brown-Sequard's  Journal  de  la  Phys.,  i.  644. 
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and  with  this  other  ear  he  ought  distinctly  to  recognise 
the  tick  of  a  watch  anywhere  within  fourteen  feet.  If 
he  does  not,  there  must  be  some  other  cause  besides 
the  perforation  of  one  tympanum. 

The  elastic  membrane  stretched  across  the  drum  of 
the  ear  is  easily  set  vibrating  by  waves  of  aii-.  These 
vibrations  are  communicated  to  the  chain  of  little  bones, 
called  respectively  the  malleus,  or  hammer  (directly 
attached  to  the  membrane),  the  incus,  or  anvil,  and  the 
stapes,  or  stirrup,  which  is  attached  to  the  oval-shaped 
membrane  stretched  across  an  opening  into  the  laby- 
rinth, and  called  the  fenestra  ovalis.  On  the  other  side 
of  this  oval  membrane,  and  filling  the  cavity  of  the 
labyrinth,  are,  1st,  the  liquid,  and,  2d,  the  membranous 
sac,  on  which  ramify  the  auditory  filaments,  previously 
described.  Thus  is  a  communication  established  be- 
tween the  vibrations  of  an  external  body,  say  a  violin 
string,  and  the  vibrations  of  the  membrane  containing 
auditory  filaments.  Sonorous  waves  first  agitate  the 
tympanic  membrane,  which  agitates  the  little  bones, 
which  agitate  the  labyrinthine  liquid,  which  agitates 
the  labyrinthine  membrai^,  and  here  presses  on  the 
nerve-filaments.  The  process  is  really  more  compli- 
cated than  this  ;  but  this  is  a  general  outline,  which 
must  suffice. 

The  character  of  the  sensation  produced  will  of 
course  greatly  depend  on  the  nature  of  the  impres- 
sion, whether  rapid  or  slow,  intense  or  delicate.  There 
are  three  physical  peculiarities  in  the  sonorous  vibra- 
tions. 

VOL.  II,  2  b 
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1°.  Intensity,  or  loudness  and  feebleness  of  sound. 

2°.  Pitch,  or  the  note  sounded. 

3°.  Quality,  as  when  the  same  note  is  sounded  on 
different  instruments,  as  the  piano  or  the  violin,  the 
flute  or  the  organ. 

An  ear  may  be  very  susceptible  to  mere  intensity  of 
sound,  noise,  and  little  so  to  pitch  or  quality    The  un- 
musical ear  seems  almost  incapable  of  discriminating 
between  two  sounds  differing  only  in  pitch  ;  and  there 
are  great  individual  varieties  in  the  susceptibility  even 
to  pitch."   Thus  the  cry  of  a  bat  is  so  acute  as  to  be 
inaudible  to  some  persons,— passing  out  of  their  range. 
It  has  been  said  that  the  deepest  note  audible  by  the 
human  ear  is  one  produced  by  32  vibrations  in  a 
second  ;  but  M.  Savart's  experiments  prove  that  sounds 
produced  by  14  vibrations  in  a  second  are  audible. 
The  acutest  note  audible  is  one  produced  by  48,000 
vibrations  in  a  second.* 

What  is  the  difference  between  a  musical  and  an  un- 
musical ear  ?  It  resides  in  this  :  That  the  musical  ear  is 
sensitive  to  the  distinction  between  a  noise  and  a  note. 
"  A  musical  note  is  in  itself  a  harmony,  being  the  equal 
tuning  of  successive  vibrations  or  pulses.  It  is,  in  a 
minute  or  microscopical  subdivision,  the  same  effect  as 
equality  of  intervals,  or  time,'  in  a  musical  performance  ; 
although  the  one  may  be  a  thousand  beats  in  a  second, 
and  the  other  not  more  than  two  in  the  same  time."t 
The  effect  of  music  on  our  emotions  is  an  exaltation 

■  •  MULLEB  :  Physiology,  ii.  1299. 

t  Bain  :  The  Senses  and  iJie  Intellect,  p.  207. 
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of  the  effect  which  all  sounds  produce,  especially  tones. 
The  influence  exercised  by  the  voice  of  an  actor  or  an 
orator,  far  transcends  that  which  the  mere  meaning  of 
his  words  would  excite ;  and  if  we  disengage  the  mind 
from  all  influence  of  meaning — as  when  a  foreigner 
speaks  in  a  language  unintelligible  to  us — we  shall 
appreciate  this  powerful  effect  of  tone.    The  speech 
which  roused  an  audience  to  extravagant  enthusiasm, 
may  be  read  by  people  unacquainted  with  the  speaker, 
and'  therefore  incapable  of  even  faintly  imagining  the 
tones,  with  complete  calmness,  and  discriminating  criti- 
cism ;  nay,  even  the  audience  may  subsequently  read 
with  calmness  the  speech  which  they  heard  with  rapture. 
Hence  it  is  that  great  orators  can  never  be  fairly  ap- 
preciated by  those  who  have  not  heard  them.   And  we 
may  also  observe  that  this  personality  of  the  speaker 
has. often  gained  a  reputation  in  society  for  wit,  or 
eloquence,  or  capacity,  which  amazes  those  who  have 
only  the  printed  wit,  or  wisdom,  on  which  to  found 
their  judgment. 

It  is  notorious  that  children  and  animals  are  affected 
by  our  voices,  when  quite  incapable  of  understanding 
the  meaning  of  our  words.  It  is  notorious  also  that 
the  meaning  of  a  phrase  maybe  diametrically  changed, 
by  repeating  the  phrase  with  a  slight  variation  in  the 
tone  ;  and  it  is  this  which  constitutes  one  of  the  ini- 
quities of  those  who  repeat  to  us  what  has  been  said 
behind  our  backs.  The  phrase  may  have  been  careless 
or  insignificant,  but  the  tone  in  which  it  is  repeated 
may  make  it  a  wound. 
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What  are  called  SM&/ec^m  sounds — ^.c.  those  sensations 
of  sound  which  have  no  external  cause — depend  upon 
a  pressure  of  blood-vessels  on  the  auditory  nerve.  All 
students  know  the  singing  in  the  ears  which  accom- 
panies overwork  of  the  brain  ;  and  all  persons  who 
have  attended  reviews,  or  made  long  and  noisy  jom^neys 
in  rattling  vehicles,  will  remember  the  continuance  of 
the  sounds  long  after  the  original  cause  had  ceased. 

"A  sudden  noise  excites  in  persons  of  excitable 
nervous  system  an  unpleasant  sensation,  like  that  pro- 
duced by  an  electric  sliock  throughout  the  body,  and 
sometimes  a  particular  feeling  in  the  external  ear. 
Various  kiads  of  sounds,  such  as  the  friction  of  paper 
or  scratching  of  glass,  cause  in  many  people  a  dis- 
agreeable feeling  in  the  teeth,  or,  indeed,  a  sensation  of 
cold  trickKng  through  the  body.  Intense  sounds  are 
said  to  make  the  saliva  collect  in  the  mouth  in  some 
people."* 

One  of  the  marvels  of  hearing  is  the  appreciation  of 
the  direction  from  which  sounds  proceed.  Sensations 
of  Touch  are  referred  to  particidar  spots,  only  after 
multiform  experience  of  the  difference  in  the  degree  of 
th'e  sensations  excited  in  various  spots.  It  is  the  same 
with  hearing.  We  judge  of  the  distance  and  direction 
of  the  sound  by  the  kind  of  impression  produced.  The 
rumbling  of  a  waggon  in  the  street  is  thus  often  mis- 
taken for  distant  thunder,  or  the  distant  thunder  is 
mistaken  for  the  rumbKng  of  a  waggon.  The  voice  is 
known  to  proceed  from  above,  or  below,  or  behind  us, 

•  MULLER,  iL  1311. 
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solely  by  the  hind  of  impression  produced.  How 
delicate  is  the  susceptibility  to  shades  of  difference, 
may  best  be  illustrated  by  the  wonderful  accuracy 
with  which  blind  men  thread  their  way  along  crowded 
streets  ■:  not  only  do  they  learn  to  recognise  the  dif- 
ferent kind  of  persons — ^policeman,  porter,  or  gentleman 
— ^by  the  sound  of  the  tread,  but  they  learn,  it  is  said, 
to  recognise  the  difference  between  a  man  standing 
still,  and  a  lamp-post  at  a  short  distance,  simply  by 
means  of  the  reverberations  of  their  own  footsteps. 

5.  The  Sense  of  Sight.  —  Although  that  objective 
something,  whatever  it  may  be,  which  we  call  Light, 
affects  the  whole  general  surface,  and  in  some  animals 
excites  very  appreciable  evidences  of  Sensibility,  yet 
it  is  only  through  the  Retina  that  it  is  capable  of 
causing  that  specific  sensation  we  call  Sight.  When 
rays  fall  upon  the  eyeless  Polype,  or  Actinia,  they  cause 
it  to  move  towards  them,  or  away  from  them — they 
affect  it ;  but  not  with  the  sensation  of  light ;  when 
they  fall  upon  the  optic  nerve  they  produce  no  sensa- 
tion of  light ;  but  when  they  fall  upon  the  retina,  and 
through  it  affect  the  optic  nerve,  the  special  sensation  of 
light  is  produced.  That  it  is  not  the  dbpct — undulating 
ether,  or  luminous  corpuscle — which  gives  this  specific 
quality  to  the  sensation,  but  the  condition  of  the  optic 
apparatus  itself,  is  evident  from  the  fact,  that  pressure 
or  irritation  of  the  optic  nerve  also  produces  the  sen- 
sation of  a  flash  of  lischt. 

It  is  obvious  that  if  the  whole  of  this  retina  were 
exposed  directly  to  the  Hght,  the  whole  surface  would 
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be  stimulated — like  the  pliotograplier's  plate— and  no 
images  formed.  To  produce  an  image  on  the  retina,  or 
a  picture  on  the  plate,  an  optical  apparatus  must  be 
interposed.  The  globe  of  the  eye  is  such  an  apparatus. 
Let  it  be  briefly  described. 


Fig.  68. 


The  globe  of  the  eye  is  composed  of  three  enveloping 
coats,  and  three  refracting  humours.  The  coats  are 
as  follows  : — 

I.  The  Sclerotic,  (1)  or  outermost,  a  white,  tough, 
fibrous  membrane,  into  the  front  of  which  the  trans- 
parent Cornea  (2)  is  let  in,  like  a  watch-glass.  In  the 
centre  of  the  Iris  (6)  is  the  Pupil  (7). 

II.  The  Choroid,  (3)  or  middle  coat,  formed  of  blood- 
vessels, on  the  inner  side  of  which  is  a  layer  of  black 
pigment,  which  is  deserving  of  particular  attention, 
as  will  be  seen  hereafter. 

III.  The  Retina  (8),  or  innermost  coat,  being  an 
expansion  of  the  optic  nerve  (15),  through  which  runs 
the  artery  (16). 
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The  refracting  humours  are  as  follows  : — 

I.  The  Aqioeous  (10)  is  the  watery  humour  con- 
tained within  the  cornea. 

II.  The  Crystalline  (12)  forms  the  lens. 

III.  The  Vitreous  (1 3),  or  glassy,  fills  the  bulk  of  the 
globe,  and  is  enclosed  in  a  delicate  membrane  called 
the  hyaloid. 

In  these  parts,  only  the  Retina'and  the  Choroid  coat 
are  concerned  in  producing  the  sensation  of  Sight. 
The  rest  of  the  apparatus  is  entirely  optical,  and  sub- 
serves the  purpose  of  throwing  images  on  this  sensitive 
apparatus.  If  we  suppose  an  animal  to  possess  an  eye 
destitute  of  this  optical  apparatus,  and  having  only  a 
layer  of  pigment  and  a  layer  of  nervous  matter,  we 
shaU  conclude  it  to  have  luminous  sensations,  but  no 
images  ;  it  can  distinguish  light  from  darkness,  but 
has  none  of  the  wondrous  vision  of  higher  animals.* 

Two  questions  present  themselves.  What  are  visual 
images,  and,  Where  are  they  formed?  The  old  philo- 
sophers, following  Democritus,  believed  that  objects 
were  continually  throwing  off  attenuated  images — 
eidola — of  themselves  ;  these  entered  the  soul  through 
the  avenues  of  sense.  This  naive  material  conception 
was  in  time  replaced  by  one  less  material,  but  less 
intelligible,  namely,  that  the  mind  perceived  objects 
through  the  medium  of  ideas,  which  were  exact  copies 
of  objects.  This  conception  was  displaced,  and  the 
direct  perception  of  the  things  themselves,  without  any 
medium  of  ideas,  was  substituted  for  it.  Throughout 

*  Compare  Sea-Side  Studies,  p.  342. 
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the  course  of  metaphysical  speculation,  no  one  hesitated 
to  believe  that  images  of  some  kind  were  formed  in 
the  eye,  as  in  a  mirror,  and  thence  "  transmitted  to  the 
mind."  The  fact,  now  familiar,  that  images  can  be  seen 
upon  the  retina  of  an  animal,  as  in  a  mirror,  seemed  to 
place  this  belief  beyond  dispute. 

How  many  physiologists  and  philosophers  of  the  pre- 
sent day  really  entertain  this  notion  of  images  being 
transmitted  to  the  brain,  it  is  difficult  to  say,  because 
ordinary  language  is  so  impregnated  with  the  old 
conception,  that  men  who  have  long  rejected  it  as  an 
hypothesis  may  still  use  it  as  a  metaphor.  We  must 
be  on  our  guard  against  such  metaphors.  Even  on  the 
supposition  that  images  are  formed  on  the  retina,  as  the 
final  condition  of  the  sensitive  stimulus — as  the  cause 
of  the  sensation — these  images  cannot  be  transmitted 
as  images  to  the  brain.  That  which  is  transmitted  is 
an  excitation  of  the  Neurility  of  the  optic  nerve,,  which 
will  excite  the  Sensibility  of  its  centre  ;  or  in  more  un- 
technical  language,  it  is  the  sensation  which  is  trans- 
mitted, not  the  image.  The  optical  apparatus  which 
converges  the  rays  of  light  into  definite  images  may  be, 
and  is,  indispensable  for  the  proper  excitation  of  definite 
sensations  ;  as  the  acoustic  apparatus  of  a  pianoforte  is 
indispensable  for  the  production  of  those  tones  which 
in  the  ear  will  excite  musical  sounds  :  a  succession  of 
waves  of  light  will  produce  no  images  without  such  an 
apparatus,  any  more  than  a  succession  of  waves  of  air 
will  produce  musical  chords. 

The  formation  of  an.  image  on  the  retina  is  the 
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precursor  of  a  visual  sensation  ;  but  this  image  is  not 
transmitted  to  the  brain.  The  oxidation  of  a  volatile 
substance  is  the  precursor  to  an  olfactory  sensation ; 
but  this  oxidation  is  not  transmitted  to  the  brain.  The 
destruction  of  tissue  which  is  the  precursor  of  a  sensation 
of  a  burn  is  not  transmitted  to  the  brain.  That  which 
is  in  each  case  transmitted  is  the  excited  sensation. 

For  centuries  metaphysicians  have  been  misled  by 
the  notion  that  the  idea  of  an  object  is  a  copy  of  that 
object — an  image.  The  source  of  the  fallacy  is  their 
having  taken  vision  as  their  standard.  If  it  seemed 
plausible  to  say  that  the  image  seen  of  the  fire  is  an 
accurate  copy  of  the  fire,  the  plausibility  vanished  when 
the  pain  of  a  burn  was  the  sensation  spoken  o£  When 
I  see  a  rose,  my  eye  is  afiected ;  when  I  smell  it,  my 
nose  is  affected ;  when  I  touch  it,  my  fingers  are 
affected :  these  three  sensations  are  entirely  diff'erent ; 
yet  how  can  I  be  entitled  to  assume  that  the  eye  gives 
me  a  more  accurate  copy  of  the  rose,  than  the  hand  or 
nose  gives  me? 

Moreover,  as  regards  the  formation  of  images  on  the 
retina,  it  is  necessary  to  be  borne  in  mind,  that  wher- 
ever the  image  is  formed,  it  has  to  be  decomposed  before 
it  becomes  a  sensation.  And  this  leads  us  to  the  second ' 
inquiry.  Where  are  images  formed  ?  The  usual  answer 
is,  On  the  retina.  But  there  is  every  reason  for  believ- 
ing that  the  retina  is  not  the  sensitive  surface — not 
the  analogue  of  the  photographer's  iodised  plate.  As 
this  will  probably  surprise  the  reader,  we  may  pause 
a  while  to  consider  the  evidence. 
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The  retina  is  not  simply  an  expansion  of  the  optic 
nerve ;  it  is  that,  and  something  else ;  it  has  a  very 
complex  structure.  The  optic  nerve,  on  entering  the 
globe  of  the  eye,  expands,  and  forms  a  layer  of  fibres  ; 
Fig.  69.  underneath  this  layer,  and  forming 
...j!;  part  of  the  retina,  there  is  a  layer 
of  matter  generally  supposed  to  be 
nervous,  but  declared  by  some  re- 
cent histologists  to  be  nothing  of  the 
kind.  The  accompanying  figm-e, 
copied  from  Kolliker,  represents  the 
appearance  of  the  retina  in  a  trans- 
verse  section,  as  seen  under  the 

Transverse  Section  of   Tvinovr>apm-io  * 
THE  Human  Retina.  mlClOfaCOpe. 

a,  hyaloid  membrane ;  6,       HcrC  WQ  perCeivO  a  laVCr  of  fibrCS 
limitary  membrane ;  c,  ^  '' 

un\fnL^o!t^ay-Tf  (d),  boncath  this  a  layer  of  large 
c£; :g  cells  (e),  beneath  this  layers  of  gran- 
t't^rods'andSs!''' '  ules  (/  Ji),  United  by  radial  fibres  to 
the  cells  ;  and  beneath  tins  again  a  layer  of  perpendi- 
cular rods  and  cones  (i,  k),  formerly  known  as  Jacob's 
membrane.  All  these  layers  are  radially  connected  ;  so 
that  the  nerve-fibre  is  said  to  pass  downwards  from 
the  inner  surface  of  the  retina  to  the  pigment  layer  of 

*  It  may  save  some  trouble  and  vexation  to  the  student  who  desires 
to  investigate  this  structure,  if  he  learn  that  the  appeai-ance  thus 
figured  will  probably  never  be  seen  by  him  in  any  one  section.  After 
making  at  least  fifty  attempts  in  vaiu,  I  learned,  in  Germany,  that 
Muller  himself,  who  first  described  it,  professed  never  to  have  seen  the 
whole  in  any  one  preparation ;  his  picture  was  made  up  by  combination 
of  various  sections. 
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the  choroid.  It  is  generally  held  by  modern  anato- 
mists that  these  rods  and  cones  are  the  real  perci- 
pients of  light :  from  these  the  impression  is  trans- 
mitted to  the  cells,  and  thence  to  the  fibres  of  the 
optic  nerve. 

It  was  hinted  just  now  that  the  nervous  charac- 
ter of  the  retina  was  under  question,  only  the  fibres 
of  the  optic  nerve  being  admitted  by  some  writers  to 
have  that  character.  The  doubt  came  from  the  Dor- 
pat  school,  and  was  at  first  hotly  disputed.*  The 
question  is  too  abstruse  to  be  argued  here,  but  there 
is  one  experiment,  which,  if  confirmed,  I  should  con- 
sider decisive.  The  reader  knows  that  when  a  nerve 
is  separated  from  all  connection  with  ganglionic  sub- 
stance, it  degenerates ;  but  so  long  as  any  fibres  are 
united  with  ganghonic  substance,  they  survive.  Now 
the  cells  found  in  the  retina  are  held  to  be  ganglionic, 
and  indeed  resemble  those  of  the  brain.  If  they  were 
ganglionic,  they  would  preserve  the  fibres  of  the  optic 
nerve  with  which  they  were  connected.  Here,  then, 
experiment  may  pronounce,  and  has  pronounced.  Leh- 
mann  divided  the  optic  nerve  of  a  dog,  and  twenty 
days  afterwards  examined  the  retina — he  found  only 
the  layer  of  optic  fibres  degenerated ;  and  as  these 
were  not  protected  by  the  cells,  the  conclusion  is  that 
the  cells  are  not  ganglionic.    Thus  the  whole  of  the 


*  See  Blessig  :  De  retinm  slrudura,  1855  ;  Canstatt  :  Jahresbenclit, 
1855 ;  Bidder  und  Kupffer  :  Textur  des  Ruchenmarks,  p.  27 ;  Fi/nke  : 
Physiolofjie,  i.  711  ;  Kolliker  :  Geweheldire ;  Leydig  :  Histologie. 
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retina,  except  the  optic  fibres,  is  held  to  be  connec- 
tive tissue.* 

Let  this  question  be  decided  as  it  may,  the  point  for 
our  present  consideration  is  this,  ^liat  the  surface  of  the 
retina  which  is  sensitive  to  light,  is  not  the  surface  on 
which  the  rays  first  impinge — not  the  layer  of  optic 
fibres — but  the  inner  surface,  which  is  in  immediate 
contact  with  the  pigment  layer.    A  moment's  con- 
sideration will  now  make  it  evident  that  images  cannot 
be  formed  on  the  retina,  as  they  are  on  the  receiving- 
screen  of  a  camera  lucida.    In  the  first  place,  we  must 
remember  that  during  life  the  retina  is  transparent  as 
glass.   The  rays  of  light  will  consequently  pass  through 
it,  as  through  glass,  and  will  be  arrested  by  the  black 
pigment  on  which  they  impinge.    In  the  second  place, 
it  is  certain  that  the  optic  fibres  are  insensible  to  hght. 
There  is  a  blind  spot  in  every  eye,  which  may  be 
proved  by  the  following  experiment :  Fix  a  red  wafer 
against  the  wall,  close  one  eye,  and  sloAvly  retreat  from 
the  wall,  looking  steadfastly  at  the  wafer  :  on  reacliing 
a  certain  distance,  the  wafer  will  suddenly  vanish  from 
sight.  If  you  now  take  a  step  backward,  or  a  step  for- 
ward, the  wafer  then  becomes  visible ;  but  always  at 
that  particular  distance  where  the  rays  converge  so 
as  to  throw  the  image  on  one  spot  of  the  retina, 
the  wafer  is  invisible.    Now  this  blind  spot  is  none 
other  than  the  spot  where  the  optic  nerve  enters  the 

*  Lehmann  :  Expenmenia  qucedam  de  nei-vi  opiici  dissecti  ad  retinai 
texturam  vi  et  (ffedu,  1857.  Cited  by  Henle  :  Bei-ic?d  iiber  Anai.,  1858, 
p.  162. 
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eye,  and  where,  consequently,  nothing  but  nerve-fibres 
exist. 

If,  therefore,  the  retina  is  directly  insensible  to  light, 
the  rays  of  which  necessarily  pass  through  it  to  be  ab- 
sorbed by  the  pigment  layer,  we  have  to  inquire  how  the 
retina  becomes  affected  by  the  light  after  impinging  on 
the  pigment.  That  the  pigment  is  really  the  part  first' 
affected,  and  that  the  retina  is  secondarily  afiected 
through  this  pigment,  seems  to  me  demonstrable  from 
the  fact  that  in  the  invertebrate  animals  the  pigment 
layer  is  in  front  of  the  retina,  not  heliind  it,  as  in  ver- 
tebrates, consequently  the  rays  of  light  must  first  afiect 
the  pigment ;  *  and  no  one  will  suppose  that  images 
can  be  formed  on  a  transparent  substance,  if  the  light 
first  falls  on  a  black  surface  covering  the  transparent 
substance. 

But  what  is  the  nature  of  the  effect  on  the  pigment 
when  the  light  has  traversed  the  retina  ?  Here  Pro- 
fessor Draper  comes  to  our  aid.  Franklin,  he  reminds 
us,  placed  variously -coloured  pieces  of  cloth  in.'  the 
sunlight  on  the  snow.  They  were  so  arranged  that 
the  rays  should  fall  on  them  equally.  After  a  certain 
period  he  examined  them,  and  found  that  the  black 
cloth  had  melted  its  way  deeply  into  the  snow,  the  yel- 
low to  a  less  extent,  and  tiie  white  not  at  all  The 
conclusion  Franklin  drew  has  since  been  abundantly 
confirmed,  namely,  that  surfaces  become  warm  in  exact 
proportion  to  the  depth  of  their  tint,  because  the  darker 
surface  absorbs  the  greater  amount  of  rays.  Applying 

*  The  point  is  argued  in  Sea-Side  Studies,  p.  347-52. 
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this  to  the  eye,  Professor  Draper  maintains  that  the 
black  pigment  layer  is  the  real  optical  screen.  Its  per- 
fect opacity  causes  it  to  absorb  the  rays  of  light,  turn- 
ing them  into  heat.  An  image  is  thus  burnt  in  upon 
the  retina.  "  The  primary  effect  of  rays  of  light  upon 
the  black  pigment  is  to  raise  its  temperature,  and  this 
to  a  degree  which  is  in  relation  to  their  intensity  and  in- 
trinsic colour.  In  this  local  disturbance  of  temperature 
the  act  of  vision  commences."*  In  the  blind  Crustacea 
there  is  no  pigment ;  and  in  Albinos,  whose  vision  is 
very  imperfect,  the  pigment  is  of  a  lighter  colour  than 
ordinary. 

The  conclusion  at  which  we  have  arrived  is,  that  the 
optical  apparatus  of  the  eye  is  necessary  for  the  forma- 
tion of  definite  images  on  a  sensitive  surface,  which 
would  otherwise  be  indefinitely  stimulated.  These 
images,  or  rays  of  light,  pass  through  the  retina,  and 
impinge  on  the  black  pigment,  in  which  they  cause  a 
change  of  temperature  exactly  proportionate  to  the 
intensity  and  intrinsic  colour  of  each  ray.  Tliis  change 
of  temperature  acts  upon  the  inner  layer  of  the  retina, 
the  rods  and  cones  ;  which  in  turn  stimulates  the 
Nem-ility  of  the  outer  layer,  the  fibres  of  the  optic 
nerve ;  and  this  Neurility  awakens  the  Sensibility  of 
the  optic  ganglion,  which  may  or  may  not  awaken 
that  of  the  brain.  How  far  this  is  from  the  doctrine 
of  "images  transmitted  to  the  brain"  need  not  be 
pointed  out. 

Our  conclusion  further  elucidates  the  svhjective 
*  Draper  :  Htman  Physiology,  p.  387. 
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nature  of  vision.    We  can  no  longer  suppose  that  we 
see  the  objects  themselves.    Our  visual  sensations  are 
simply  excited  states  of  our  sentient  organism.  Hence 
it  is  not  more  wonderful  that  a  man  whose  eye  was 
extirpated  should  perceive,  when  the  other  eye  was 
closed,  different  images,  such  as  lights,  circles  of  fire, 
dancing  figures,  &c.,  floating  in  front  of  the  eyeless 
orbit,  than  that  a  man  whose  leg  had  been  amputated 
should  feel  distinct  prickings  in  the  absent  toes.  The 
fact  that  luminous  sensations  are  excited  ordinarily  by 
the  action  of  the  retina,  but  also,  exceptionally,  by  in- 
tei?ial  causes  irritating  the  optic  centre,  enables  us  to 
understand  spectral  illusions.    It  is  well  known  that 
persons  suffering  from  brain  disease,  or  disturbance  of 
cerebral  circulation,  have  seen  spectral  objects  with  a 
vividness  equal  to  that  of  actual  vision.    A  black  cat 
is  seen  to  run  up  the  wall ;  a  person  is  seen  to  enter 
the  room  ;  and  no  assurance  of  the  bystanders  to  the 
contrary  will  persuade  the  patient  that  what  he  sees  so 
vividly  is  not  actually  present. 

At  the  Leeds  Meeting  of  the  British  Association, 
Professor  Stevelly  narrated  the  following  anecdotes  :— 
At  the  close  of  the  last  college  session  he  had  been 
in  weak  health,  and  had  gone  out  to  his  brother-in- 
law's  seat  in  the  country  for  a  few  weeks.  While  there, 
he  had  become  greatly  interested  in  the  economy  and 
habits  of  the  bees.  "  One  morning,  soon  after  breakfast, 
the  servant  came  in  to  say  that  one  of  the  hives  was 
just  beginning  to  swarm.  The  morning  was  a  beauti- 
fully clear,  sunny  one,  and  I  stood  gazing  at  the  in- 
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sects,  as  they  appeared  projected  against  the  bright 
sky,  rapidly  and  TmeasHy  com-siag  hither  and  thither 
in  most  curious  yet  regular  confusion,  the  drones  mak- 
ing a  humming  noise  much  louder  and  sharper  than 
the  workers,  from  whom  also  they  were  easily  distin- 
guished by  their  size  ;  but  all  appearing  much  larger 
in  their  rapid  flights  than  their  true  size.    In  the 
evening,  as  it  grew  dark,  I  again  went  out  to  see  the 
beehive,  into  which  the  swarm  had  been  collected, 
removed  to  its  stand  ;  soon  after  I  was  much  surprised 
to  see,  as  I  thought,  multitudes  of  large  flies  coursmg 
about  in  the  air.    I  mentioned  it  to  my  sister-in-law, 
who  said  I  must  be  mistaken,  as  she  had  never  seen  an 
evening  on  which  so  few  flies  were  abroad.    Soon  after, 
when  I  retired  to  my  chamber,  and  knelt  to  my  prayers 
before  going  to  rest,  I  was  surprised  to  see  coursing 
back  and  forward,  between  me  and  the  wall,  what  I 
now  recognised  as  the  swarm  of  bees,  the  drones  quite 
easily  distinguishable  from  the  workers,  and  aH  in 
rapid  whuiing  motion  as  in  the  morning.    This  scene 
continued  to  be  present  to  me  as  long  as  I  remained 
awake,  and  occasionally  when  I  awoke  in  the  night, 
•  nor  had  it  entirely  faded  away  by  next  night,  although 
much  less  vivid.    This  was  the  first  instance  I  had  ever 
heard  of  moving  impressions  having  become  perman- 
ently impressed  on  the  retina,  nor  can  I  give  the 
slightest  guess  at  the  modus  operandi  of  the  nerve. 
Notices  of  fixed  impressions,  particularly  after  having 
been  dazzled,  are  now  common  enough.   The  Kev.  Dr 
Scoresby,  at  the  late  meeting  at  Liverpool,  had  given 
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a  detailed  account  of  some  wliicli  had  presented  them- 
selves to  him ;  and  a  very  curious  one  had  occurred  to 
me  some  years  since.  I  was  walking  down  the  streets 
of  Belfast  with  Sir  John  Macneill,  the  eminent  engi- 
neer, when  he  said  to  me  — '  What  has  become  of 
my  old  friend  Green  who  kept  that  shop  ?  I  see  new 
people  have  got  it.'  Turning  suddenly  to  look  at  the 
shop  indicated,  I  was  completely  dazzled  by  the  bright 
reflection  of  the  sun  shining  on  the  new  brass-plate 
under  the  window  of  the  shop,  so  that  for  some  seconds 
I  could  see  nothing.  As  we  walked  on,  I  soon  ob- 
served before  me  in  the  air  the  words  '  J.  Johnstone 
&  Co.,'  in  blood-red  characters,  which  soon,  however, 
chano-ed  to  other  colours.  With  an  exclamation  of 
surprise  I  stated  the  fact,  and  we  turned  back  to  see 
whether  or  not  tl;iis  was  really  the  inscription  on  the 
brass-plate,  and  found  that  it  was.  The  oj)tical  ac- 
count of  this  was  simple  enough.  The  retina  had  been 
partially  paralysed  from  the  intense  light  reflected  from 
the  plate,  but  as  I  had  turned  witb  pain  from  it  in- 
stantly, the  part  corresponding  to  the  black  letters  on 
the  plate  had  escaped ;  and  as  I  walked  on,  the  red 
strong  light  reflected  from  surrounding  objects  on  this 
part  became  contrasted  with  the  darkness,  as  yet  show- 
ing itself  on  all  the  surrounding  parts  of  the  disordered 
retina :  as  the  retina  recovered  its  tone,  other  colours 
in  succession  took  possession  of  the  place  which  at  first 
had  been  red.  Sir  J.  Macneill  then  told  me  that  when 
first  he  had  gone  to  reside  in  London,  a  murder  had 
been  found  out  by  a  similar  circumstance.  The  mur- 
VOL.  II.  2  c 
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derer,  then  unknown,  had  been  dazzled  by  the  reflec- 
tion of  the  sun  from  a  bucket  of  water  which  another 
man  was  carryiag  before  him  ;  and  soon  after  seeing  in 
the  air  what  he  took  for  a  bucketful  of  blood  going 
before  him,  he  was  seized  with  such  horror  that  he  de- 
clared himself  the  murderer,  and  disclosed  such  facts 
as  brought  the  crime  home  to  him,  so  that  he  was  con- 
victed and  executed/' 

These  curious  cases  are  doubtless  referable  to  differ- 
ent causes.  In  the  first  and  third,  we  have  the  effect 
of  suggestion  acting  on  an  over-excited  brain,  and  pro- 
ducing a  spectral  illusion,  similar  to  that  of  mania,  or 
dreaming.  In  the  second,  we  have  simply  the  effect  of 
the  duration  of  a  sensation.  It  is  well  known*  that  a 
sensation  endures  some  time  after  the  cessation  of  the 
actual  impression.  According  to  Plateau,  the  sensa- 
tion endures  about  l-35th  of  a  second  after  the  im- 
pression has  ceased.  But  this  duration  must  of  course 
vary  with  the  intensity  of  the  impression.  If  we  look 
at  the  moon  and  close  our  eyes,  the  image  will  vanish 
much  more  rapidly  than  the  image  of  the  sun  under 
similar  circumstances.  If  we  fix  our  eyes  on  the  panes 
of  a  window  through  which  the  sunlight  is  streaming, 
the  image  of  the  panes  will  continue  some  seconds  after 
closure  of  the  eyes. 

It  would  be  pleasant  and  profitable  to  enlarge  on  this 
subject  of  ocular  spectra,  were  there  space  at  disposal ; 
but  we  have  still  more  pressing  topics  to  which  we 
must  address  ourselves.  There  is,  for  instance,  the  in- 
teresting and  often-mooted  problem  of  how,  with  two 
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eyes  directed  to  a  single  object,  we  have  only  one 
image,  and  not  two.    Both  eyes  are  equally  capable  of 
seeing  ;  both  retinas  are  certainly  affected,  by  the  ob- 
ject ;  both  eyes  can  alternately  be  directed  towards  it, 
and  see  it ;  yet  when  both  are  simultaneously  directed 
towards  it,  only  one  image  is  seen,  only  one  sensation 
is  perceived.    Many  explanations  have  been  offered  of 
this  paradox  ;  but  I  think  they  have  all  failed,  because 
they  have  all  been  sought  in  a  wrong  direction.    A  few 
years  ago  I  proposed  an  explanation,  which  still  seems 
to  me  the  only  one  consistent  with  what  is  known  of 
the  other  senses.    Instead  of  seeking  an  anatomical  or 
optical  cause,  it  seemed  to  me  that  we  ought  to  seek 
a  psychological  cause.     Instead  of  trying  to  explain 
single  vision  as  the  result  of  the  decussation  of  the 
optic  nerves,  or  of  those  optical  principles  which  Pro- 
fessor Wheatstone  has  made  familiar  by  his  stereo- 
scope, let  us  first  ascertain  whether  the  fact  to  be  ex- 
plained is  peculiar  to  the  sense  of  sight  ?   To  ask  this 
question  is  to  answer  it.    If  we  have  two  eyes  and 
single  vision,  we  have  also  two  ears  and  single  hearing, 
two  nostrils  and  single  smelling.    The  mere  citation  of 
such  facts  suffices  to  overthrow  all  the  anatomical  and 
optical  explanations.    The  cause  must  lie  elsewhere  ; 
and  must  be  common  to  all  sensations. 

Inasmuch  as  the  object  affects  both  eyes  simultane- 
ously, and  with  equal  intensity,  it  cannot  produce  two 
sensations,  but  only  one  sensation.  Simultaneousness 
of  two  impressions  renders  them  indistinguishable 
from  each  other.    Let  two  sounds  of  precisely  similar 
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pitch  and  intensity  succeed  each  other,  and,  however 
sHght  the  interval,  the  two  will  be  heard  as  two — pro- 
vided the  interval  be  appreciable,  and  the  sensation  of 
the  first  have  diminished  before  the  second  be  excited  ; 
but  if,  instead  of  this  appreciable  interval,  the  sounds 
are  simultaneous,  the  two  wiU  be  heard  as  one  ;  they 
can  only  be  distinguished  as  two  when  some  difference 
in  quality  exists.  It  is  the  same  with  vision.  Only 
when  the  images  are  successive,  or  different,  can  they 
be  successively  or  differently  recognised  :  two  identical 
impressions  must  produce  one  sensation. 

There  are,  indeed,  occasions  when  single  objects  pro- 
duce double  images.  The  drunken  man  sees  objects 
double.  I  think  this  perfectly  explicable  on  the  prin- 
ciples just  laid  down.  The  effect  of  alcohol  has  been 
shown  by  Ecker*  to  be  a  considerable  interruption  to 
the  circulation  in  the  brain  ;  this  irregularity  in  the 
circulation  wUl  produce  an  irregularity,  or  want  of 
simultaneous  co-ordination,  of  the  muscles,  and  conse- 
quently a  want  of  simultaneity  in  the  action  of  the 
senses.  Again,  there  is  the  popular  experiment  of 
crossing  the  second  finger  over  the  fii'st,  and  with  the 
surfaces  of  both,  feeling  the  tip  of  the  nose,  which  gives 
two  very  distinct  sensations,  so  that  we  seem  to  feel 
two  noses.  The  explanation  I  take  to  be  this  :  by  the 
pressure  on  the  nerve  of  the  second  finger,  the  impres- 
sion is  slightly  retarded  and  deadened,  so  that  the  two 
fingers  convey  the  same  impression  successively  and 
differently.  If  the  two  fingers,  uncrossed,  touch  the 
*  Ecker  in  Schmidt's  Jafirhiiclterder  Medicin,  Ixxxix.  154. 
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nose,  the  two  impressions  will  be  simultaneous,  and 
only  one  sensation  will  be  felt. 

Another  interesting  question  is,  Why  objects  are  not 
seen  inverted  ?  It  is  demonstrable,  on  optical  prin- 
ciples, that  the  image  of  an  object  formed  on  the  retina 
must  be  inverted.  Why  then  do  we  not  see  it  so  ?  Here 
again  the  question  is  psychological,  not  optical.  .  If  all 
objects  are  inverted,  the  relative  position  of  each  will 
be  unchanged  ;  when  all  are  inverted  there  can  be  no 
perception  of  their  inversion  :  it  is  as  if  none  were  so. 
It  is  In  our  own  sensations  we  must  seek  for  top  and 
bottom.  We  learn  to  associate  certain  sensations  with 
certain  relative  positions.  "  An  object  seems  to  us  to 
be  up  or  down  according  as  we  raise  or  lower  the  pupil 
of  the  eye  in  order  to  see  it ;  the  very  notion  of  up 
and  down  is  derived  from  our  feelings  of  movement,  and 
not  at  all  from  the  optical  image  formed  at  the  back  of 
the  eye.  Wherever  this  image  was  formed,  and  how- 
ever it  lay,  we  should  consider  that  to  be  the  top  of 
the  object  which  we  had  to  raise  our  eyes  or  our  body 
to  reach."* 

Among  the  remarkable  phenomena  connected  with 
vision  is  that  of  an  inability  to  distinguish  certain 
colours  and  shades  of  colour,  which  recent  investiga- 
tions have  proved  to  be  much  more  frequent  than  was 
suspected.f  Dalton,  the  celebrated  chemist,  published 
an  account  of  his  own  infirmity  in  this  respect,  and  the 
name  of  "  Daltonism  "  was  for  a  long  period  given  to 

*  Bain  :  The  Senses  and  (he  Intellect,  p.  233. 
t  Wilson  :  Resem  xhes  on  Colour-Blindness. 
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it.  Dr  Wilson  not  only  shows  that  it  is  of  very  fre- 
quent occurrence,  but  that  in  some  cases  it  is  the 
source  of  ludicrous,  and  in  others  of  lamentable  results. 
"We  learn  with  surprise  that  there  are  a  great  many 
people,  apparently  in  possession  of  eyes  as  good  and 
true  as  our  own,  and  who  have  never  suspected  any 
defect  in  their  appreciation  of  colours,  yet  who,  on 
examination,  turn  out  to  be  totally  incapable  of  dis- 
tinguishing red  from  green,  or  black,  when  substances 
of  these  three  colours  are  placed  side  by  side.  Out  of 
1154  cases  in  Edinburgh  alone,  it  was  found  that  1  in 
every  18  was  more  or  less  afficted  with  colour-blind- 
ness. Of  these,  1  in  every  55  confounded  red  with 
green  ;  1  in  60  confounded  brown  with  green  ;  and  1 
in  46  confounded  blue  with  green. 

Dr  Wilson  tells  of  a  tailor  who,  having  been  raised 
from  the  position  of  "  cutter-out "  to  that  of  foreman, 
put  green  strings  on  a  scarlet  livery,  and  assured  a 
customer  that  a  red  and  blue  stripe  was  all  blue. 
Another  tailor  sewed  a  black  coat  with  red  thread.  A 
Quaker  shocked  his  wife  by  pm^chasing  a  bottle-green 
coat  for  himself,  and  scarlet  merino  for  her,  thinking 
he  had  secured  a  lovely  drab.  One  gentleman,  meeting 
a  lady  dressed  in  vivid  green,  mistook  this  for  mourn- 
ing, and  began  condoling  with  her.  It  is  obvious  that 
a  sailor  or  a  railway  guard — to  whom  the  colours  are 
the  alphabet  in  signals— woidd  be  dangerously  mis- 
placed if  he  were  troubled  with  this  colovir-bliadness.  It 
appears  from  Dr  Wilson's  researches,  that  women  are 
seldomer  colour-blind  than  men.    It  also  appears — and 
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tliis  is  remarkable — that  those  colours  which  to  ordin- 
arj^  vision  are  most  strongly  contrasted,  are  more  fre- 
quently confounded  by  the  colour-blind  than  the  inter- 
mediate tints. 

In  closing  here  our  necessarily  imperfect  survey  of 
the  great  subject  of  our  Senses  and  Sensations,  the 
chief  points  of  which  have  alone  been  noticed,  it  will 
be  needless  to  indicate  the  deep  psychological  interest 
which  attaches  to  such  inquiries,  since  every  one  is 
aware  of  the  strange  blending  of  Thought  in  the  act 
of  Perception.    We  fancy  that  we  see  the  solidity  of  an 
object,  when  in  truth  we  infei^  it ;  we  say  "  we  heard 
thunder,"  when  all  that  we  heard  was  a  sound,  which 
we  inferred  to  be  the  sound  of  thunder.    The  other 
day,  during  a  country  walk  with  a  friend,  the  sound 
of  horses'  hoofs  behind  us  reached  our  ears,  unaccom- 
panied by  any  voices.    Presently  the  riders  passed  us, 
and  I  remarked  to  my  companion  :  "  It's  very  odd,  but 
I  was  convinced  that  there  were  two  women  and  a 
man  on  horseback  behind  us,  and,  sure  enough,  there 
they  are."    My  companion  declared  he  had  formed  the 
same  conjecture.    This  conjunction  of  our  inferences 
made  it  improbable  that  it  should  have  been  mere 
vague  fancy — a  guess  without  justifiable  grounds  ;  and 
I  began  to  consider  what  could  have  been  the  indica- 
tions which  led  us  both  to  form  it.   All  that  we  had 
to  infer  from  was  the  sound  of  horses.    In  what  could 
that  suggest  the  sex  of  the  several  riders  ?    Do  women 
ride  differently  from  men  ?    Yes  :  they  canter,  men 
trot.   The  sound  of  two  cantering  horses  accompany- 
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iiig  tlie  sound  of  a  trotting  horse,  suggested  that  two 
women  were  riding  with  one  man.  I  may  further 
remark  that  neither  of  us  had,  to  our  knowledge,  ever 
noticed  the  fact,  as  distinctive  of  women's  riding  ;  we 
must  have  noticed  it,  and  silently  registered  it  ia  our 
minds,  otherwise  the  sound  would  not  have  suggested 
the  sex  of  the  riders  :  but  we  had  never  taken  distinct 
cognisance  of  it ;  and  had  we  been  asked  if  there  was 
any  peculiarity  by  which  the  sound  of  a  horsewoman 
could  be  distinguished  from  that  of  a  horseman,  it  is 
most  probable  that  we  should  have  been  unable  to 
specify  it. 

Finally,  I  would  call  attention  to  the  psychological 
importance  of  that  vast  class  of  sensations  which  has 
been  termed  Systemic-consciousness,  and  which  psy- 
chologists and  physiologists  have  so  strangely  neglected. 
They  have  given  to  the  Sense-Sensations  an  almost 
exclusive  part  in  the  formation  of  our  sensational 
activity,  and  often  spoken  of  the  mind  as  a  mere 
educt  of  the  Five  Senses.  The  most  striking  example 
of  this  is  seen  in  Condillac's  famous  statue,  which  is 
endowed  successively  with  each  of  the  five  senses,  and 
with  each  endowment  developes  gradually  a  complete 
mind.  Monstrous  as  this  hyjDothetical  statue  is,  it  is 
only  a  logical  development  of  the  conception  that  mind 
is  the  combination  of  the  five  senses.  In  these  pages 
an  attempt  has  been  made  to  show  that  Mind  is  the 
psychical  aspect  of  Life — that  it  is  as  much  the  sum 
total  of  the  whole  sensitive  organism,  as  Life  is  the 
sum  total  of  the  whole  vital  organism — that  various 
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organs  may  be  set  apart  for  the  performance  of  various 
special  functions,  mental  as  well  as  vital,  but  that  no 
one  exclusive  organ  of  Mind  can  be  said  to  exist,  any 
more  than  one  exclusive  organ  of  Life  can  be  said  to 
exist.  The  reader  may  reject  this  view,  which  is  sub- 
mitted to  him  as  the  result  of  many  years'  meditation, 
and  with  that  hesitation  which  naturally  belongs  to  an 
opinion  incapable  of  proof ;  but  he  is  not  at  liberty  to 
reject  the  fact  that,  over  and  above  the  sensations  de- 
rived through  our  five  Senses,  there  is  a  vast  class  of 
sensations  derived  through  the  Muscles  and  Viscera, 
sensations  not  less  specific,  not  less  important,  than 
those  of  eye  or  ear  :  he  is  not  at  hberty  to  reject  this, 
because  it  is  capable  of  proof,  as  rigorous  as  the  proof 
of  the  existence  of  Sight  or  Taste. 
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What  is  sleep  ?— Sleep  and  Death— Characteristics  of  sleep— Irresis- 
tible  nature  of  the  demand  for  sleep — Story  of  Dr  Solandei^Sleep 
under  control— Heat  and  cold  predisposing  causes — Duration  of 

sleep— Instances  of  refreshment  from  "forty  winks"  Sleep  of 

children  and  old  people— Is  sleep  the  period  of  repair  ?— Error  of  the 
ordinary  opinion— Influence  of  sleep  on  the  organism— A  new  theory 
of  dreaming. 

"  OuE  little  life  is  rounded  with  a  sleep."  The  toils 
and  anxieties,  the  schemings  and  escitements  of  the 
day,  an  merge  in  Sleep,  which  brings  peace  and  reno- 
vation to  mind  and  body.  The  fretful  child  cries  itself 
asleep  ;  in  sleep  the  weary  man  loosens  his  overstrung 
faculties ;  the  wretched  man  forgets  his  miseiy.  Nearly 
a  third  part  of  our  lives  is  passed  in  sleep,  which,  for 
all  the  active  purposes  of  life,  is  a  blank. 

I.  Sleep. — ^What  is  Sleep?  We  do  not  know.  We 
can  only  say  that  it  is  a  condition  belonging  to  almost 
overy  animal  organism  (at  any  rate,  to  every  organism 
possessing  a  high  nervous  development),  which  seems 
naturally  brought  about  by  the  activities  of  that  organ- 
ton,  and  which,  in  some  unexplained  manner,  helps  to 
reinstate  exhausted  energy  of  brain  and  muscle.  What 
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is  called  the  sleep  of  plants  has,  I  conceive,  only  a 
superficial  analogy  mth  the  sleep  of  animals,  and  is 
altogether  dependent  on  totally  dissimilar  processes. 
The  phenomena  of  sleep  are  restricted  to  the  brain 
and  higher  senses;  there  can  be  no  sleep  where  these 
are  absent. 

It  is  not  difficult  to  decide  whether  a  man  is  asleep, 
or  dead,  or  swoorang,  or  in  a  state  of  coma,  or  in  a 
profound  reverie.  Artfully  as  he  may  feign  to  be  asleep, 
observers  will  soon  detect  the  feint;  not  because  we 
know  what  sleep  is,  but  because  we  know  the  many 
invariable  signs  of  sleep.  This  is  very  much  the  posi- 
tion in  which  Physiology  stands  with  reference  to  the 
problem  of  sleep.  Certain  phenomena  have  been  well 
observed,  but  the  organic  condition,  or  sum  of  con- 
ditions, on  which  these  depend,  remains  so  entire  a 
mystery,  that  we  cannot  even  venture  on  a  tolerable 
definition  of  Sleep.  Let  us,  therefore,  leave  it  unde- 
fined, and  be  content  with  noticing  some  of  its  leading 
characteristics. 

Look  at  that  child :  wearied  with  play.  He  has  thrown 
himself  upon  the  ground,  and,  resting  a  flushed  cheek 
upon  one  arm,  he  lies  there  breathing  equably,  with 
motionless  limbs,  eyes  closed,  brain  shut  out  from  the 
lights  and  noises  around  him.  If  you  touch  his  hand, 
he  will  withdraw  it ;  if  you  tickle  his  cheek,  he  wiU 
impatiently  turn  his  head  aside ;  but  even  should  he 
turn  his  whole  body  round,  he  will  not,  perhaps,  open 
his  eyes — will  not  know  who  it  is,  or  what  it  is,  that 
molests  him ;  he  will  not  awake.  His  mind,  engaged 
in  di-eams,  is  disengaged  from  external  things  :  they 
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may  make  impressions  on  him,  excite^ensations  in  him, 
but  tliese  sensations  are  not  wrought  up  into  know- 
ledge. 

His  senses  are  dormant,  or  but  feebly  active,  and  his 
brain  is  occupied  with  dreams;  Hs  Hmbs  are  motion- 
less, his  fingers  relax  their  grasp,  and  the  muscles  of 
his  neck  no  longer  support  his  head.  But  the  heart 
beats  vigorously,  and  pumps  the  blood  incessantly  aU 
over  the  body,  the  chest  expands  and  contracts,  the 
stomach  and  intestines  digest,  aU  the  secretions  are 
going  on. 

We  thus  perceive  how  very  superficial  is  the  analogy 
of  Sleep  and  Death,  supposed  by  the  ancient  mythology 
to  be  brothers,  and  even  by  moderns  supposed  to  re- 
semble each  other  so  closely  that  Death  is  called  an 
eternal  sleep.    But,  strictly  speaking,  there  is  not  only 
no  true  antagonism  between  Sleep  and  Life,  there  is 
not  even  an  antagonism  between  Sleep  and  Waking.  In 
Death,  all  the  activities  peculiar  to  the  vital  organism 
cease;  in  Sleep  they  all  continue :  and  if  some  of  them 
are  more  languid  and  intermittent  than  during  the 
waldng  hours,  and  if,  in  consequence  of  this  languor, 
their  mutual  action  and  reaction  are  modified,  this  will 
constitute  a  diflFerence,  but  not  an  antagonism.  Sleep 
is  a  form  of  life,  not  a  cessation  of  life.    Indeed,  Gri- 
maud,  Brandis,  Fessel,  Bufi"on,  Bui^dach,  and  probably 
other  physiologists,  have  declared  Sleep  to  be  the 
normal ,  condition  of  Life,  out  of  which  it  periodicaUy 
passes  into  the  waking  condition ;  and  certainly  the 
whole  of  the  life  of  the  embryo  is  passed  in  sleep  :  nor 
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does  the  infant,  during  the  first  months  after  birth,  keep 
awake  for  more  than  brief  periods ;  sleep  is  to  it  the 
rule,  and  waking  the  exception. 

It  would  perhaps  be  more  consistent  with  all  our 
ideas  to  consider  both  Sleep  and  Waking  as  normal 
conditions  of  the  vital  organism,  which  periodically 
succeed  each  other. 
After  this  survey,  can  we  decide  on  any  one  charac- 
»  teristic  which  would  serve  as  the  sign  of  Sleep  ?  The 
motionlessness  of  the  limbs  will  not  serve  us,  for  limbs 
are  motionless  in  coma,  in  repose,  or  in  feigned  sleep, 
and  they  are  active  in  somnambidism.  Nor  will  the 
stillness  of  the  mind  and  senses  serve  us,  for  the  mind 
is  indubitably  active  during  dreams,  and  quiet  during 
coma ;  while  the  senses  are  almost  as  heedless  of  im- 
pressions during  reverie.  As  we  think,  walk,  and  talk 
during  sleep,  it  is  clear  that  sleep  must  be  some  con- 
dition which  permits  all  forms  of  vital  activity,  though 
not  all  the  ordinary  combinations. 

The  impossibility  of  specifying  any  one  character- 
istic, disposes  us  to  adopt  Sir  Henry  Holland's  view, 
that  "  sleep  is  not  a  unity  of  state,  but  a  series  of  fluc- 
tuating conditions,  of  which  no  two  moments  are  per- 
haps strictly  alike."  *  This  renders  it  intelligible  that 
men  are  known  to  sleep  on  horseback,  soldiers  to  sleep 
while  marching,  and  village  minstrels  while  playing  to 
indefatigable  dancers.  It  is  a  rapid  oscillation  between 
sleeping  and  waking.  The  muscles  are  in  constant  acti- 
vity, and  the  Sensibility  is  suflaciently  active  to  respond 

*  Holland,  Chapters  on  Mental  Physiology,  p.  81. 
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to  delicate  stimuli.  I  can  see  no  reason  for  adopting 
tlie' ordinary  explanation  of  these  actions  during  sleep, 
namely,  that  they  are  "  automatic,"  or  "  secondarily 
automatic,"  if  by  these  terms  sensation  is  meant  to  be 
excluded  (as  it  always  is  meant).  On  the  contrary,  it 
seems  clear  that  in  each  case  a  suspension  of  the  Sen- 
sibib'ty  would  be  followed  by  a  cessation  of  the  actions. 
The  muscular  sensibility  must  be  excited,  otherwise  the 
reins  would  fall  from  the  relaxed  grasp  of  the  rider,  the 
musket  would  fall  from  the  hands  of  the  soldier,  and 
the  fiddle  from  the  hands  of  the  minstrel  This  would 
at  once  cause  them  to  wake  up  in  alarm ;  or,  if  the 
stupor  had  become  too  intense,  the  men  themselves 
would  fall.  The  better  explanation  is  that  of  Sir  Henry 
Holland  :  "  At  every  moment,  the  mind  lapses  into  a 
dozing  state,  from  which  the  loss  of  the  balance  of  the 
body  as  frequently  and  suddenly  arouses  it.  Neither 
the  sleep  nor  the  waking  consciousness  is  perfect,  but 
the  mind  is  kept  close  to  an  intermediate  line,  to  each 
side  of  which  it  alternately  passes.  No  such  line,  how- 
ever, really  exists;  and  it  is  merely  a  rapid  shifting  to 
and  fro  of  conditions  of  imperfect  sleep  and  imperfect 
waking,  giving  curious  proof  of  the  manner  m  which 
these  states  graduate  into  one  another." 

"  Watch  again,"  he  continues,  "  the  loss  of  voluntary 
power  in  a  person  sinking  quietly  into  sleep — how 
gradual  it  is — how  exact  a  measure  of  the  state  coming 
on.  An  object  is  grasped  by  the  hand,  while  yet  awake ; 
it  is  seen  to  be  held  less  and  less  firmly,  till  at  last  aU 
power  is  gone,  and  it  falls  away.  The  head  of  a  person 
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in  a  sitting  posture  gradually  loses  the  support  of  the 
muscles  which  sustain  it  upright ;  it  droops  by  degrees, 
and  in  the  end  falls  upon  the  chest.  Here  again  we 
have  proof  of  the  rapidity  with  which  the  loss  and 
recovery  of  voluntary  power  may  alternate  on  the  con- 
fines of  sleep.  The  head  falls  by  withdrawal  of  power 
from  particular  muscles.  The  slight  shock  thence 
ensuing  partially  awakens  and  restores  this  power, 
which  again  raises  the  head. 

"  The  gradual  changes  which  occur  in  the  perceptions 
from  the  senses,  while  sleep  is  coming  on,  afford  the 
same  curious  notices  of  the  condition  of  the  mind  in 
its  relations  to  the  world  without.  The  sio-ht,  the 
hearing,  the  touch,  all  show  the  progressive  lessening 
of  sensibility  through  every  stage  of  change,  with  the 
same  fluctuations  which  attend  those  of  voluntary 
power  ;  and  giving  similar  proof  that  the  state  of  sleep 
is  ever  varying  in  degree  as  respects  these  several 
functions.  We  find,  for  example,  one  condition  of  sleep 
so  light  that  a  question  asked  restores  consciousness 
enough  for  momentary  understanding  and  reply  ;  and 
it  is  an  old  trick  to  bring  sleepers  into  this  state,  by 
putting  the  hand  into  cold  water,  or  producing  some 
other  sensation  not  so  active  as  to  awaken,  but  sufii- 
cient  to  draw  the  mind  from  a  more  profound  to  a 
lighter  slumber.  This  may  often  be  repeated,  sleep 
still  going  on ;  but  make  the  sound  louder  and  more 
sudden,  and  complete  waking  at  once  ensues.  The 
same  with  other  sensations.  Let  the  sleeper  be  gently 
touched,  and  he  shows  sensibility,  if  at  all,  by  some 
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slight  muscular  movement.  A  ruder  toucli  excites 
more  disturbance,  and  probably  changes  the  current  of 
dreaming  ;  yet  sleep  wiU  go  on,  and  it  often  requires  a 
rough  shaldng,  particularly  in  young  persons,  before 
full  wakefulness  can  be  obtained/'* 

The  series  of  fluctuating  conditions  which  we  name 
sleep — and  which  passes  by  insensible  gradations  from 
waking  to  dozing,  from  dozing  to  dreaming  sleep,  and 
from  that  (perhaps)  even  to  dreamless  sleep — is  deter- 
mined by  the  state  of  our  organs.     It  cannot  be 
brought  on  by  any  effort  of  our  will,  unless  other 
predisposing  causes  co-operate.    Every  one  knows  the 
wretchedness  of  a  sleepless  night.    On  the  other  hand, 
no  effort  of  our  will  can  prevent  sleep  under  certain 
conditions  of  the  exhausted  organism.    Neither  pain 
nor  fear  of  death  will  suffice.    Damiens  slept  on  the 
rack,  exhausted  by  torture ;  and  many  a  victim  to 
chronic  pains  knows  the  temporary  refuge  of  sleep. 
Gunners  fall  asleep  beside  the  booming  cannon.  An 
engineer  has  been  known  to  fall  asleep  within  a  boiler 
which  his  comrades  were  beating  outside  with  their 
ponderous  hammers.    Men-  sleep  soundly  the  night 
before  their  execution;  and  they  will  rather  brave 
death  by  sleep,  than  escape  death  by  keeping  awake. 
A  curious  example  is  recorded  in  the  first  volume  of 
Goolcs  Voyages.    Mr  Banks  and  Dr  Solander  had 
been  botanising  among  the  hills  of  Terra  del  Fuego. 
On  their  return  towards  the  ships,  after  travelling 
through  considerable  swamps,  the  weather  became 
*  Holland  :  CJtajpiers  on  Mental  Physiology,  p.  84. 
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bitterly  cold,  accompanied  by  sudden  blasts  of  piercing 
wind,  and  heavy  snow.    Finding  it  impossible  to  get 
back  to  the  ships  before  morning,  they  resolved  to  push 
on  through  another  swamp  that  lay  in  their  way  into 
the  shelter  of  a  wood,  where  they  might  build  a  wigwam 
and  kindle  a  fire.    Dr  Solander,  who  had  more  than 
once  crossed  the  mountains  dividing  Sweden  from 
Norway,  and  who  well  knew  that  extreme  cold,  espe- 
cially when  joined  with  fatigue,  produces  a. torpor  and 
sleepiness  which  are  almost  irresistible,  conjured  his 
companions  to  keep  moving,  whatever  pain  it  might 
cost  them,  and  whatever  relief  they  might  be  promised 
by  an  inclination  to  rest.    '•'  Whoever  sits  down,''"  said 
he,  "will  sleep;  and  whoever  sleeps,  will  wake  no  more." 
Thus  at  once  admonished  and  alarmed,  they  set  for- 
wards ;  but  they  had  not  gone  far  before  the  cold  be- 
came so  intense  as  to  produce  the  effects  that  had  been 
most  dreaded.    Dr  Solander  was  the  first  who  found 
the  inclination,  against  which  he  had  warned  the  others, 
invincible,  and  he  insisted  on  being  suffered  to  lie  dovra. 
Mr  Banks  entreated  and  remonstrated  with  him  to  no 
effect.    Down  the  Doctor  lay  upon  the  ground,  and  it 
was  with  difficulty  he  was  kept  from  sleeping.    One  of 
the  black  servants,  named  Eichmond,  did  the  same  ; 
when  he  was  told  that  if  he  did  not  go  on  he  would 
soon  be  frozen  to  death,  he  replied  that  he  desired 
nothing  more  than  to  lie  down  and  die.    The  Doctor 
said  he  was  willing  to  go  on,  but  he  must  first  take  some 
sleep,  although  he  had  only  recently  told  them  that 
to  sleep  was  fatal.    After  an  angry  altrercation,  the  two 
VOL.  II.  2d 
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were  propped  up  against  some  bushes,  and  in  a  few- 
minutes  were  profoundly  asleep.  Five  minutes  after, 
some  of  tlie  men  retm-ned  to  say  a  fire  was  kindled  a 
quarter  of  a  mile  farther  on.  Mr  Banks  then  roused 
Dr  Solander;  but  although  he  had  only  slept  five 
minutes,  he  had  almost  lost  the  use  of  his  limbs,  and 
the  flesh  was  so  shrunk  that  his  shoes  fell  from  his  feet. 
He  consented  to  go  forward  with  such  assistance  as 
could  be  given  him,  but  no  attempts  to  relieve  poor 
Eichmond  were  successful.  He,  together  with  another 
black  left  with  him,  died. 

Although  we  can  neither  fall  asleep  by  willing  it, 
nor  keep  from  falling  asleep  under  particular  states  of 
exhaustion,  we  have  a  certain  power  over  the  predis- 
posing circumstances,  and  can  thus  help  to  bring  on 
or  ward  off  sleep.  Nay  more,  we  can  induce  a  habit  of 
going  to  sleep  at  any  time,  or  of  awaking  at  any  time. 
Seamen  and  soldiers  on  duty  soon  learn  this  habit. 
They  fall  asleep  almost  immediately  their  "  spell " 
comes.  Napoleon  could  take  "  forty  winks  "  at  almost 
any  hom'  of  the  day.  Captain  Barclay,  during  the  per- 
formance of  his  famous  feat  of  walking  1000  mUes  in 
]  000  hours,  learned  to  fall  asleep  the  instant  he  lay 
down.  We  aU  awake  at  the  usual  hour  every  morning, 
no  matter  what  time  we  go  to  bed ;  and  every  one 
knows  that,  going  to  bed  with  a  strong  desire  to  wake 
at  a  certain  unusual  hour  in  the  morning,  we  are 
tolerably  certain  to  awake  at  that  hour,  or  even 
before  it. 

Heat  is  one  of  the  predisposing  causes  of  sleep. 
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"  We  often  witness  this  in  the  summer  season,  some- 
times in  the  open  air,  but  more  frequently  at  home,  and 
above  all  ir.  a  crowded  church.    An  intolerable  lassi- 
tude falls  over  the  spirit ;  we  are  unable  to  walk,  or 
move,  or  think  ;  our  eyes  become  heavy  and  languid  ; 
we  are  seized  with  yawning,  and,  resting  upon  the  first 
suitable  object  which  presents  itself,  drop  into  a  pro- 
found slumber.    This  is  perhaps  the  most  rapid  of  all 
sleep,  excepting  that  from  apoplexy  or  narcotics.  The 
mind  seems  in  a  few  minutes  to  glide  away,  and  sinks 
into  a  state  of  overpowering  and  almost  instantaneous 
oblivion.    The  slumber,  however,  not  being  a  natural 
one,  and  not  occurring  at  the  usual  period,  is  seldom 
long  :  it  rarely  exceeds  an  hour,  and  when  the  person 
awakes  from  it,  so  far  from  being  refreshed,  he  is 
usually  dull,  thirsty,  and  feverish,  and  finds  more  than 
common  difficulty  in  getting  his  mental  powers  into 
their  usual  activity.    A  lieated  church  and  a  dull  ser- 
mon are  almost  sure  to  provoke  sleep.    There  are  few 
men  whose  powers  are  equal  to  the  task  of  oppos- 
ing the  joint  operation  of  two  such  potent  influences. 
They  act  on  the  spirit  like  narcotics,  and  the  person 
seems  as  if  involved  iii  a  cloud  of  aconite  or  bella- 
donna.   The  heat  of  the  church  might  be  resisted,  but 
the  sermon  is  irresistible.   Its  monotony  falls  in  leaden 
accents  upon  the  ear,  and  soon  subdues  the  most  power- 
ful attention.    Variety,  whether  of  sight  or  of  sound, 
prevents  sleep,  while  monotony  of  all  kinds  is  apt  to 
induce  it.    The  murmuring  of  a  river,  the  sound  of  the 
Eolian  harp,  the  echo  of  a  distant  cascade,  the  ticking 
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of  a  clock,  the  hum  of  bees  under  a  burning  sun,  and 
the  pealing  of  a  remote  bell,  aU  exercise  the  same  in- 
flitence.  So  conscious  was  Boerhaave  of  the  power  of 
monotony,  that  in  order  to  procure  sleep  for  a  patient, 
he  directed  water  to  be  placed  in  such  a  situation  as  to 
drop  continually  on  a  brass  pan.  When  there  is  no 
excitement,  sleep  is  sure  to  follow.  We  are  all  kept 
awake  by  some  mental  or  bodily  stimulus,  and  when 
that  is  removed  our  wakefulness  is  at  an  end.  Want 
of  stimulus,  especially  in  a  heated  atmcsphere,  pro- 
duces powerful  effects  ;  but  where  sufficient  stimulus 
exists,  we  overcome  the  effects  of  the  heat,  and  keep 
awake  in  spite  of  it."* 

Cold  prevents  sleep,  unless  it  be  of  sufficient  in- 
tensity to  produce  internal  congestion  of  the  blood,  in 
which  case,  as  all  readers  of  arctic  travels  well  know, 
cold  produces  a  stupor  which  is  fatal.  Heavy  meals  pre- 
dispose to  sleep,  especially  when  the  digestion^  is  feeble. 

Whatever  tends  to  quiet  the  brain,  tends  to  produce 
sleep  ;  whatever  tends  to  keep  the  brain  in  excitement, 
tends  to  prevent  sleep  ;  and  that  is  why  maniacs  often 
remain  sleepless  for  weeks. 

II.  Duration  of  Sleep. — There  are  great  varieties 
among  individuals,  both  in  the  lightness  of  the  slum- 
ber and  the  extent  of  its  dm-ation.  There  are  heavy 
sleepers  and  light  sleepers  ;  there  are  those  who  require 
several  hours,  and  those  who  requii-e  but  few.  It  is 
unnecessary  here  to  repeat  the  statements  which  un- 
*  Macnish  :  Philosophy  of  Sleep,  r- 15. 
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critical  writers  have  accepted  respecting  extraordinary 
achievements  both  as  to  extreme  length  and  extreme 
shortness  of  sleep  ;  but  there  is  no  doubt  that  many- 
persons  have  been  satisfied  with  five  hours  in  the 
twenty-four,  which  is  the  amount  attributed  to  John 
Himter  and  Erederick  the  Great ;  while  on  particular 
emergencies  a  much  shorter  sleep  seems  to  have  suf- 
ficed.   It  is  difficult  to  assign  the  degree  of  credit  due 
to  such  statements  as  those  of  Pichegm,  that  during  a 
year's  campaign  he  had  not  slept  more  than  one  hour 
in  every  twenty-four.    People  make  great  mistakes 
respecting  their  own  experience  in  such  matters,  and 
very  seriously  declare  they  have  not  slept  many  min- 
utes, when  we  know  them  to  have  slept  a  couple  of 
hours.  It  must,  however,  be  admitted  that  even  "  forty 
winks  "  is  an  extraordinary  refreshment,  so  much  so  as 
to  render  Pichegru's  statement  not  wholly  incredible. 
I  have  on  several  occasions,  dining  nights  of  hard 
study,  fallen  asleep  over  a  book,  remained  thus  for 
some  five  minutes,  and  have  awaked  to  find  myself  so 
reinvigorated  that  drowsiness  did  not  recur  during 
the  next  two  or  three  hours ;  and  every  student,  or 
watcher  by  the  bedside  of  sickness,  can  doubtless  recall 
similar  cases.    The  following  is  the  most  remarkable 
example  of  this  in  my  own  experience.    I  had  spent  an 
exciting  and  fatiguing  day  in  company  with  several 
distinguished  artists  and  men  of  letters,  rehearsing  for 
.private  theatricals,  and  filling  up  the  intervals  with 
merriment,  discussion,  and  excitement  of  various  kinds. 
At  one  o'clock  in  the  morning,  after  having  performed 
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in  three  pieces,  I  sat  down  witli  the  rest  to  supper, 
which  was  not  the  least  exciting  part  of  the  day.  '  In 
the  midst  of  the  noise,  the  quips  and  cranks,  the 
laughter  and  the  jingling  of  glasses,  I  suddenly  fell 
asleep.    How  many  seconds  this  sleep  lasted  I  cannot 
say  ;  but  they  could  have  been  but  very  few,  since  no 
one  at  the  table,  or  on  either  side  of  me,  was  aware 
of  the  fact.    It  was  a  flash  of  unconsciousness.  Sud- 
denly I  awoke,  and  felt  as  ready  for  fresh  excite- 
ment as  ever ;  nor  did  any  sense  of  fatigue  make  me 
shorten  our  pleasant  sitting.    If  sleep  be  caused,  as 
seems  most  probable,  by  a  temporary  congestion,  the 
foregoing  case  may  be  understood  as  a  momentary 
congestion ;  the  re-established  circulation  brought  back 
with  it  mental  activity. 

Children  sleep  much.  In  old  age  sleep  is  generally 
slight  and  brief ;  but  in  extreme  old  age  there  is  a  sort 
of  return  to  the  sleepiness  of  infancy.  It  is  well  to 
bear  these  facts  in  view,  although  we  are  at  present 
quite  imable  to  explain  them.  Writers  who  find  phrases 
as  satisfactory  as  they  are  facile,  and  who  care  little 
about  clearly  understanding  the  processes  they  de- 
scribe, will  tell  you  that  in  infancy  sleep  is  enormous 
in  amount,  because  in  infancy  the  processes  of  growth 
are  so  enormous,  and  it  is  dming  sleep  that  Nutrition 
goes  on.  They  will  further  teU  you  that  in  extreme 
old  age  likewise  sleep  is  excessive,  because  then  the 
Nutritive  processes  are  slower  and  feebler,  and  require 
this  long  repose  for  their  accomplishment.  But  every 
inquirer  who  is  really  anxious  to  have  some  distinct 
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iinderstandmg  of  the  process,  will  feel,  I  think,  very 
considerable  difficulty  in  realising  to  his  mind  any  such 
conception.  There  is,  I  am  aware,  a  general  belief, 
which  is  ahnost  accepted  as  an  axiom,  that  Nutrition 
takes  place  mainly,  if  not  solely,  during  sleep,  and  that 
the  purpose  of  sleep  is  to  permit  the  waste  of  tissue  to 
be  repaired.  But  without  venturing  to  speak  decisively 
on  a  subject  so  very  obscure  as  the  process  of  Nutrition, 
I  feel  impelled  to  say  that  this  general  belief  seems  to 
me  wholly  imwarranted  by  any  facts  hitherto  ascer- 
tained. On  the  contrary,  as  far  as  present  knowledge 
enables  us  to  pronounce,  the  truth  seems  to  be  that 
Nutrition  goes  on  incessantly,  in  conjunction  with 
destruction  of  tissue ;  and  that  diu-ing  sleep  a  very 
considerable  waste  of  tissue  takes  place.  Only  a  false 
analogy  could  suggest  that  sleep  was  the  period  for 
the  building  up  of  the  fabric,  which  had  been  worn  out 
in  waking  activity.  Physiology  knows  of  no  such  defi- 
nite periods  for  destruction  and  reconstruction. 

Assimilation  (or  Nutrition)  is  a  molecular  process. 
Molecule  by  molecule  the  tissue  is  destroyed,  and 
molecule  by  molecule  it  is  repaired.  These  processes 
depend  on  chemical  affinities,  the  one  bringing  about 
conditions  which  favour  the  other.  No  one  really 
imagines  the  organism  to  be  like  a  machine,  which 
wears  out  in  action,  and  is  repaired  when  at  rest.  No 
one  imagines  that  the  tissues  are  only  worn  out  during 
the  hours  of  waking  activity,  and  not  at  all  worn  out 
during  the  hours  of  sleep.  Many  say  this,  but  do  not 
picture  it  to  their  own  minds.    They  do  not  imagine, 
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for  example,  that  the  Duke  of  WelHngtou  repaired  in 
two  or  four  hours  of  sleep  the  waste,  of  twenty-two 
or  twenty  hours  of  anxiety  and  activity ;  and  was  the 
next  day  ready  for  the  same  amount  of  exertion  and 
the  same  waste.    Nor  do  they  picture  to  themselves 
the  condition  of  those  who  have  remained  sleepless 
for  weeks,  and  even  months— a  condition  which,  as  it 
must  have  been  produced  by  all  waste  and  no  repair, 
would  have  made  the  tissues  present  very  much  the 
aspect  of  a  moth-eaten  coat.    Above  all,  they  do  not 
consider  the  contradiction  which  exists  between  this 
position  of  theirs  respecting  Nutrition  during  sleep, 
and  their  other  position  that  sleep  is  caused  by  a  shght 
congestion  of  the  brain,  or  by  the  slower  and  feebler 
circulation  :  since  they  are  fully  aware  that  congestion, 
or  feeble  circulation,  is  the  very  worst  condition  for 
active  nutrition;  and  they  must  either  give  up  the 
idea  of  sleep  being  the  period  of  most  active  nutri- 
tion, or  else  give  up  the  idea  of  sleep  being  caused  by 
congestion,  or  feeble  circulation. 

What  we  know  leads  us  to  affirm  that  Assimilation 
is  a  continuous  process  ;  new  material  is  incessantly 
being  formed ;  old  material  is  incessantly,  but  with 
varying  intensity,  being  destroyed.  The  waste  and 
repair  of  the  scarf-skin  may  furnish  an  example.  In- 
cessantly new  cells  are  in  process  of  formation  and 
development,  which  take  the  place  of  the  outermost 
layer  of  cells  as  these  fall  off,  dead.  Should  there  be 
a  greater  waste  than  the  repairing  process  can  imme- 
diately supply,  the  skin  is  rubbed  hare;  and  if  the  bare 
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spot  be  rubbed,  it  becomes  a  sore ;  but  if  left  undis- 
turbed, it  soon  becomes  covered  with  a  fresh  layer  of 
protecting  cells.    It  is  thus  with  all  the  tissues  :  they 
grow,  particle  by  particle  ;  they  act ;  they  die  particle 
by  particle,  and  are  replaced.   The  growth  is  not  more 
rapid  during  sleep  than  during  any  other  period;  rather 
less,  if  anything.    And  that  the  destruction  is  not 
an-ested  duiing  sleep,  is  positively  proved  by  many 
striking  facts— for  example,  by  the  amount  of  carbonic 
acid  and  e^-cretory  matters,  and  by  the  very  obvious 
loss  of  substance  in  aU  the  tissues  which  Valentin  has 
shown  to  occur  in  the  winter  sleep  of  the  hybernating 
animals.    If,  therefore,  it  can  be  shown  that  Assimila- 
tion goes  on  duiing  all  periods,  and  that  waste  of  tissue 
goes  on  during  all  periods,  the  idea  of  sleep  being  a 
period  specially  aUotted  for  the  repair  of  the  tissues 
must  be  given  up. 

And  yet  the  fact  remains  that  sleep  is  "tired  Nature's 
sweet  restorer."  The  fatigues  of  the  day  are  vanquished 
during  this  repose.    We  awake  reinvigorated.  What 
has  been  the  change  ?    Miiller  speaks  with  caution  on 
this  point.    "  The  excitement  of  the  organic  processes 
in  the  brain,"  he  says,  "  which  attends  an  active  state 
of  mind,  gradually  renders  that  organ  incapable  of 
maintaining  the  mental  action,  and  thus  induces  sleep, 
which  is  to  the  brain  what  bodily  fatigue  is  to  the 
other  parts  of  the  nervous  system.    The  cessation  or 
remission  of  mental  activity  during  sleep,  in  its  turn, 
however,  affords  an  opportunity  for  the  restoration  of 
rntegnty  to  the  organic  conditions  of  the  cerebrum,  by 
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which  they  regain  their  excitability/'    But  what  are 
these  organic  conditions,  and  how  is  their  integrity 
restored  ?    Light  seems  to  fall  upon  this  question  from 
the  fact  already  recorded — namely,  that  the  nerve  of  a 
frog's  leg,  separated  from  the  body,  becomes  exhausted 
by  stimulus,  and  will  no  longer  cause  the  muscle  to 
contract.    If  this  nerve  be  allowed  repose,  it  will  gra- 
dually regain  its  lost  power,  and  on  the  application  of 
a  stimulus  it  wiU  cause  a  contraction.    According  to 
the  vague  conceptions  of  Nutrition  which  prevail,  this 
looks  as  if  the  functions  of  a  nerve  could  be  restored 
without  any  influence  of  Nutrition ;  and  it  has  been 
cited  to  prove  that  position,  even  by  so  eminent  a  phy- 
siologist as  Vrrchow.*  But  I  would  suggest  that  Nutri- 
tion, being  essentially  the  process  of  molecular  Assimi- 
lation, will  continue  as  long  as  there  is  any  material  to 
be  assimilated  ;  the  circulation  may  be  necessary  for 
the  conveyance  of  material  to  the  tissues  ;  but  the 
material,  once  conveyed,  is  under  the  laws  of  Assimi- 
lation.   The  case  of  the  over-stimulated  nerve  is  pro- 
bably not  unlike  that  of  an  overstretched  piece  of 
elastic  substance.  If  India-rubber  be  in  a  state  of  con- 
tinued tension,  its  elasticity  is  destroyed ;  but  alter- 
nate relaxations  preserve  its  elasticity.    Is  not  this  the 
analogue  of  those  alternate  tensions  and  relaxations 
which  the  nerves  and  muscles  of  the  heart,  lungs,  and 
alimentary  canal  exhibit ;  and  the  reason  why  these, 
although  always  in  activity,  are  never  fatigued  ?  The 
action  is  not  greater  than  the  repose.    The  heart  and 

*  ViECHOW  :  Die  Cellularjyathologie,  p.  263. 
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chest  expand,  but  they  also  contract :  the  muscles 
are  as  long  in  repose  as  they  are  in  action.  If  our 
senses  and  voluntary  muscles  require  longer  intervals 
of  repose,  it  is  because  their  tension  is  longer ;  but 
even  with  them  there  is  a  kind  of  alternation  ;  and  we 
all  know  the  unusual  amount  of  fatigue  which  is  pro- 
duced by  a  very  slight  tension  of  the  muscles,  provided 
that  tension  be  continuous.  To  hold  the  arm  out 
straight  for  five  minutes  will  produce  more  fatigue 
than  to  employ  that  arm  in  various  movements  for  two 
hours.  The  same  principle  may  be  seen  in  intellectual 
or  emotional  excitement.  Every  student  knows  that 
diversity  of  work  is  a  sort  of  relaxation,  and  that  no- 
thing is  so  exhausting  as  concentration  of  thought. 

The  conclusion  to  which  the  foregoing  arguments 
point  is,  that  Sleep,  strictly  considered,  is  a  condition 
of  repose  of  the  brain  and  senses,  produced  by  a  slight 
congestion  in  their  blood-vessels  ;  and  during  this  re- 
pose they  recover  that  molecular  integrity,  or  that 
molecular  polarity,  on  which  their  vigorous  action 
depends,  and  whicli  has  been  distiu-bed  during  pro- 
longed activity. 

Sleep  is  caused  by  fatigue,  but  not  because  fatigue 
has  wasted  a  large  amount  of  tissue  which  needs  repose 
for  its  restoration.  It  is  caused  by  fatigue,  because  one 
of  the  natural  consequences  of  continued  action  is  a 
slight  congestion  ;  and  it  is  the  congestion  which  pro- 
duces sleep.  Of  this  there  are  many  proofs.  The 
causes  which  tend  to  produce  sleep  at  unaccustomed 
hours,  and  before  fatigue  is  felt,  are  all  causes  which 
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lower  the  action  of  the  heart,  or  which  tend  to  a  re- 
tardation of  the  circulation  in  the  brain  ;  the  causes 
which  tend  to  wakefulness  are  all  causes  which  accel- 
erate this  circulation,  or  which  diminish  the  pressure 
of  the  blood  on  the  brain.  If  fatigue  were  in  itself  the 
cause  of  sleep,  we  could  not  be  awakened  until  repose 
had  restored  the  integrity  of  the  nervous  system ; 
whereas  it  is  notorious  that  just  as  we  are  dropping 
oflP,  or  only  a  short  time  after  we  have  been  asleep,  an 
alarm  of  fire  or  thieves,  a  dash  of  cold  water,  a  sudden 
pain,  or  even  a  strong  light,  wiL.  at  once  arouse  us 
into  energetic  activity.  This  is  a  consequence  of  the 
relieved  congestion  and  accelerated  circulation — not  a 
consequence  of  the  few  minutes'  repose.  The  fatigue 
remains  ;  it  is  the  congestion  which  disappears.  On 
the  other  hand,  while  fatigue  causes  sleep,  by  causing 
congestion,  fatigue,  if  carried  beyond  a  certain  point, 
prevents  sleep,  by  causing  a  feverish  exaltation  of  the 
circulation.  Every  student  and  every  sorrower  knows 
what  it  is  to  be  rendered  sleepless  by  over-excitement 
of  the  brain.  Let  a  man,  wearied  with  bodily  and 
mental  labour,  unable  to  keep  from  drowsiness,  sud- 
denly hear  thrilling  news,  or  alight  on  an  illuminating 
track  of  thought,  and  the  drowsiness  will  vanish  as  by 
enchantment — the  wearied  brain  will  have  energy  for 
hours  of  activity. 

We  conclude,  therefore,  that  it  is  not  as  fatigue, 
but  as  producing  congestion,  that  fatigue  causes  sleep  ; 
and  the  hybernating  animal,  which  in  full  activity  can 
be  thrown  into  a  state  of  sleep  merely  by  a  sudden 
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fall  in  external  temperature,  and  will  continue  thus 
until  warmth  accelerates  its  circulation,  presents  us 
with  a  striking  illustration  of  such  a  conclusion.  We 
conclude,  moreover,  that  sleep  is  not  produced  by  the 
necessity  of  repairing  the  waste  of  tissue,  since  that 
repair  goes  on  irrespective  of  sleep.    Finally,  we  con- 
clude that  sleep  is  not  dependent  on  any  need  of 
repose,  since  it  is  exhibited  in  greatest  intensity  by 
those  who  least  need  repose,  having  least  actively 
exerted  themselves.    It  is  not  persons  of  active  and 
excitable  temperaments  who  are  the  greatest  sleepers  ; 
it  is  infants,  very  old  people,  people  of  sluggish,  indo- 
lent, lymphatic  temperaments.    And  men,  no  less  than 
animals,  fall  asleep  when  perfectly  quiet,  perfectly  free 
from  external  or  mental  stimulus  to  excitement. 

III.  Deeams.— It  was  my  intention  to  have  treated 
the  subject  of  Dreaming  in  some  detail,  but  the  length 
to  which  the  chapters  on  the  nervous  system  have 
extended,  forces  me  to  be  very  brief,  and  to  abstain 
altogether  from  iUustrating  the  subject  with  the  nu- 
merous stories  which  might  have  given  it  interest.  It 
naturally  encroaches  on  Psychology  at  almost  every 
point;  but  the  explanations  hitherto  offered,  at  least 
those  which  I  have  seen,  have  the  initial  defect  of  not 
being  based  on  a  proper  understanding  of  the  physio- 
logical process.    Only  a  true  philosophy  of  nervous 
action  can  give  us  the  clue  to  the  mystery  of  Dream- 
ing. For  the  sake  of  brevity,  I  shaU  venture  to  assume 
that  the  exposition  of  nervous  action  given  in  the  fore- 
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going  pages  is  the  tnie  one,  and  endeavour  by  its  aid 
to  explain  Dreaming. 

Dreams  are  mental  processes  carried  on  during 
sleep,  and  are  closely  allied  to  the  Reveries  carried  on 
during  waking  hours.    In  sleep  the  external  senses  are 
almost  entirely  closed  against  their  ordinary  stimuli, 
and  the  active  organs  are  in  repose.    The  consequence 
is  that  all,  or  nearly  all,  those  multifarious  sensations 
which,  through  the  Five  Senses  and  the  Muscles,  sti- 
mulate the  activity  of  the  Brain  dm-ing  the  waking 
hours,  have  no  longer  any  influence  in  swelling  the 
stream  of  Consciousness,  or  in  determining  the  direc- 
tion of  the  thoughts.    We  do  not  see  objects,  smell 
odours,  hear  sounds,  or  taste  flavours  ;  even  the  sense 
of  Touch  has  no  distinctness,  such  as  would  create 
the  perception  of  objects,  but  is  confined  to  a  general 
feeling  of  contact  with  the  bed-clothes.    Now,  who- 
ever for  a  moment  reflects  on  the  immense  influx  of 
sensation  which  is  incessantly  stimulating  the  brain 
through  the  senses,  during  waking  hours,  and  reflects 
on  their  influence  in  determining  the  direction  of  the 
thoughts  and  in  furnishing  the  mind  with  materials, 
will  see  at  once  that  the  removal  of  such  a  source 
of  excitation  must  very  considerably  alter  the  men- 
tal conditions.    Instead,  therefore,  of  marvelling  that 
dreams  should  be  incongruous  with  waking  thoughts, 
our  marvel  must  be  to  find  so  much  congruity  as  we 
often  find  between  them. 

To  understand  Dreaming,  we  must  tiy  and  discover 
what  the  action  of  the  brain  would  be  under  such  con- 
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ditious  as  are  present  in  sleep ;  and  we  can  only  do 
so  by  analogies  drawn  from  our  Av^aldng  experience, 
coupled  with  a  correct  interpretation  of  nervous  action 
in  general.    For  example,  in  om'  waking  condition,  we 
are  familiar  with  what  •  has  been  styled  subjective  sen- 
sations ;  that  is  to  say,  we  see  objects  very  vividly, 
where  no  such  objects  exist ;  we  hear  sounds  of  many 
kinds,  where  none  of  their  external  causes  exist ;  we 
taste  flavours  in  an  empty  mouth ;  we  smell  odours, 
where  no  volatile  substance  is  present ;  and  we  feel 
prickings  or  pains  in  limbs  which  have  been  amputated. 
These  are  actual,  not  imaginary,  sensations.    They  are 
indistinguishable  from  the  sensations  caused  by  actual 
contact  of  the  objects  with  our  organs.     They  are 
sometimes  so  intense,  or  accompanied  by  a  cerebral 
excitement  which  so  completely  domineers  over  the 
controlling  suggestions  of  other  senses,  that  they 
produce  Hallucinations.     And  as  it  is  the  inevitable 
tendency  of  our  natm-e  to  connect  every  sensation  with 
an  external  cause — to  project  it  outside  of  us,  so  to 
speak, — we  should  never  think  of  doubting  that  every 
one  of  these  subjective  sensations  had  a  corresponding 
object,  did  not  the  suggestions  of  some  other  sense 
control  this  idea.     A  man  feels  prickings  in  his  am- 
putated fingers,  but  he  sees  that  the  fingers  are  not 
there,  and,  consequently,  he  knows  that  his  sensation 
is  deceptive.    He  smells  the  horrible  stench  of  a  sewer 
long  after  he  has  passed  out  of  the  reach  of  its  volatile 
gases.     He  tastes  the  bitter  flavour  long  after  the 
bitter  substance  has  been  removed.     But  the  sensa- 
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tions  require  constant  confrontation  witli  the  reports 
of  otlier  senses,  otherwise  they  would  be  credited  as 
sensations  produced  by  actual  objects.  In  the  state 
of  cerebral  excitement  named  Hallucination,  this  con- 
frontation is  disregarded ;  in  the  state  of  cerebral 
isolation  named  Dreaming,  this  confrontation  is  im- 
possible :  the  first  condition  is  one  in  wMch  the  cer- 
ebral activity  completely  domineers  over  the  excita- 
tions from  without ;  the  second  condition  is  one  in 
which  the  cerebral  activity,  though  feeble,  is  entirely 
isolated  from  external  excitations — thus,  in  both  cases, 
the  cerebral  reflexes  are  undisturbed,  uncontrolled  by 
reflexes  from  Sense. 

It  is  the  fact  that  sensations  may  be  subjective — in 
other  words,  that  they  may  arise  from  internal  stimuli 
no  less  than  from  external  stimuli,  and  must  arise  when- 
ever the  centres  are  excited :  it  is  this  fact  which  gives 
us  the  clue  to  Dreaming.  The  avenues  of  Sense  are 
closed  in  Sleep,  but  the  sensational  centres  may  be 
reached  from  vsdthia.  That  Law  of  Sensibility,  which 
has  been  so  fuUy  expounded  in  previous  pages,  whereby 
every  sensation  discharges  itself  either  in  a  reflex-action 
or  a  reflex-feeling  (or  in  both  together),  and  whereby 
every  centre,  once  stimulated,  must  inevitably  stimulate 
some  other,  gives  us  the  explanation  why  subjective 
sensations  may  arise  in  sleep,  or  waking,  and  why  they 
must  stimulate  cerebral  action.  Moreover,  the  external 
senses  have  not  their  avenues  completely  closed  in 
sleep  ;  and  a  sound  will  be  heard  by  the  sleeper,  though 
dimly ;  a  light  will  be  seen,  or  a  touch  felt.  These 
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dim  sensations  are  reflected  in  his  dreams.  The  cold- 
ness of  a  touch  will  cause  him  perhaps  to  dream  that 
he  has  grasped  a  corpse  ;  the  rattling  of  the  windows 
will  suggest  a  storm,  or  a  battle.  There  is  a  story  told 
of  a  lady  who  dreamt  that  her  servant  was  coming  to 
mxirder  her ;  she  opened  her  eyes  in  terror,  and  saw 
the  servant  at  her  bedside,  knife  in  hand !  The  ex- 
planation of  this  is,  probably,  that  she  heard  in  sleep 
the  creaking  of  the  footsteps  on  the  stau-s,  or  the  open- 
ing of  the  door  ;  and  this  sensation,  which  might  have 
suggested  any  one  of  a  thousand  different  trains  of 
thought,  happened  to  suggest  (perhaps  because  the 
idea  was  not  unfamiliar  to  her  mind)  the  idea  of  the 
servant's  intention  to  murder  her.  All  our  experience, 
both  of  our  own  dreams  and  those  of  others,  ratifies 
the  position,  that  the  train  of  thought  may  be,  and 
mu^t  be,  determined  by  any  sensation  felt  during  sleep ; 
but  inasmuch  as  this  sensation  cannot  be  confronted 
with  the  actual  cause,  inasmuch  as  the  other  sources 
of  verification  are  closed,  which  in  waking  hours  enable 
us  to  connect  any  particular  sensation  with  a  particular 
cause,  the  perceptions  and  ideas  it  will  give  rise  to  are 
usually  inaccurate  and  incoherent.  If,  when  awake, 
we  perceive  an  odour  of  something  burning,  we  at  once 
look  about  to  discover  the  cause.  If,  when  asleejD,  we 
perceive  this  odour,  we  cannot  thus  confront  the  sensa- 
tion with  its  external  cause;  but  the  sensation  suggests 
a  train  of  thought,  and  we  dream  that  the  house  is  on 
fire,  or  that  we  are  at  work  in  a  manufactory.  If, 
when  awake,  we  feel  a  cold  draught  of  air  blowing 
VOL.  II.  2  E 
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upon  US,  we  look  at  the  door  or  window  to  see  whence 
it  comes ;  but  asleep,  the  sensation  of  cold  wiU  suggest 
a  dream  that  we  are  in  the  street  in  our  night-shirt, 
or  riding  outside  a  coach  ;  the  sensation  starts  a  train 
of  ideas — and  that  is  a  dream. 

If  we  reflect  that  the  nervous  centres  must  be  inces- 
santly called  into  activity,  either  through  the  imper- 
fectly-closed channels  of  the  Five  Senses,  or  through 
the  Systemic  Senses,  and  that  these  centres,  once  ex- 
cited, must  necessarily  play  on  each  other— and  if  we 
reflect  farther,  that  the  sensational  and  ideational 
activities  thus  stimulated  operate  under  very  different 
conditions,  and  in  very  different  conjunctions,  during 
sleep,  we  shall  be  at  no  loss  to  understand  both  the 
incoherence  and  the  coherence  of  di-eams— the  perfect 
congruity  of  certain  trains  of  thought  amid  the  most 
absurd  incongruities.    The  coherence  of  dreams  results 
from  the  succession  of  associated  ideas  ;  the  train  of 
thought  follows  very  much  the  course  it  would  follow 
in  waking  moments,  at  least  when  uncontrolled  by  re- 
ference to  external  things — as  in  Eeverie.    The  inco- 
herence results  from  this  train  being  interrupted  or 
diverted  from  its  course  by  the  suggestion  of  some 
other  train,  either  arising  by  the  laws  of  association, 
or  from  the  stimulus  of  some  new  sensation.  And 
because  in  Dreams,  as  in  Eeverie,  we  do  not  pause  on 
certain  suggestions,  do  not  recur  to  them,  and  reflect 
on  them,  but  let  one  rapidly  succeed  another,  like 
shadows  chasing  each  other  over  a  cornfield,  we  take 
little  or  no  heed  of  any  incongruities.    It  is  constantly 
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said  that  in  dreams  nothing  surprises  us.  I  think  this 
is  a  mistake.  Nothing  arrests  us  ;  but  every  incon- 
gruity surprises  us,  at  least  as  much  in  dreams  as 
in  reveries.  I  am  distinctly  conscious  of  this  in  my 
own  experience.  If  when  I  dream  that  I  am  in  a  cer- 
tain place,  conversing  with  a  certain  person,  I  am  also 
aware  that  the  place  suddenly  becomes  another  place, 
and  the  person  has  a  very  different  appearance,  a  slight 
surprise  is  felt  as  the  diiference  is  noted,  but  my  dream 
is  not  arrested  ;  I  accept  the  new  facts,  and  go  on 
quite  content  with  them,  just  as  in  reverie  the  mind 
passes  instantaneously'  from  London  to  India,  and  the 
persons  vanish  to  give  place  to  very  different  persons, 
without  once  interrupting  the  imaginary  story.  In 
dreams  no  perception  is  confronted  with  actual  objects; 
no  ideas  are  confronted  with  present  existences.  The 
waves  of  sensation  and  of  thought  succeed  each  other, 
and  are  interrupted,  broken,  diverted  by  the  fresh 
streams  of  sensation  constantly  pouring  in  from  the 
changing  states  of  the  system.  This  interruption  is  to 
some  extent  controlled  in  waking  moments  by  the  pre- 
sence of  objects  both  to  the  senses  and  the  mind  ;  yet 
even  the  presence  of  objects,  and  the  energetic  resolu- 
tion which  a  strong  motive  will  give,  will  not  prevent 
the  most  steadfast  mind  from  continually  wandering, 
although  the  mind  may  be  recalled  from  its  wander- 
ings to  the  subject  originally  occupying  it.  If  I  sit 
in  my  study,  and  my  thoughts  wander  to  Bagdad  or 
Bussora,  the  continual  presence  of  my  books,  chairs 
microscope,  engravings,  &c.,  infallibly  bring  me  back 
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again  before  long,  and  prevent  my  believing  myself  to 
be  in  the  East.  If  when  I  am  working  out  some  plan, 
or  thinking  of  some  problem,  the  thoughts  wander 
away,  lured  by  some  accidental  association,  they  are 
soon  recalled  again  by  the  suggestions  of  the  paper, 
portfolio,  desk,  or  even  by  the  very  attitude  in  which 
I  am  sitting,  and  I  recommence.  But,  asleep,  this  recall 
would  never  take  place.  The  objects  are  not  there  to 
suggest  the  requisite  thoughts.  The  sensations  I  re- 
ceive are  carried  along  with  my  dream,  each  succeeding 
sensation  or  idea  having  a. diverging  influence;  and 
thus  a  dream  is  never  long,  never  very  coherent.  If 
the  reader  wishes  to  understand  this  operation  of  the 
mind,  let  him  attend  to  the  fluctuating  stream  of 
thought  which  passes  through  his  brain  as  he  lies 
awake  in  bed,  with  his  eyes  closed,  and  in  perfect  still- 
ness ;  he  vnll  soon  be  aware  of  the  influence  which 
must  be  exercised  by  the  presence  of  external  objects 
in  determining  the  direction  of  his  thoughts. 

That  our  dreams  are  greatly  influenced  by  the  Sys- 
temic Sensations,  will  be  evident  to  every  one  who  re- 
flects on  the  notorious  eff'ects  of  indigestion.  The  state 
of  the  secretions  also  manifestly  determines  many 
dreams.  The  wretched  sufl'erers  in  the  shipwreck  of 
the  Medusa,  dying  from  thii'st,  had  perpetual  dreams 
of  shady  woods  and  running  streams.  The  nursing 
mother  is  made  to  dream  of  her  child  by  the  flow  of 
milk  to  her  breasts. 

If,  therefore,  it  is  certain  that  Systemic  Sensations 
produce  dreams,  and  certain  also  that,  in  spite  of  the 
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inactivity  of  the  Five  Senses,  they  can,  one  and  all,  fur- 
nish theii'  accustomed  sensations,  if  excited  by  extei-nal 
objects,  and  also  if  their  centres  are  excited  by  inter- 
nal stimuli ;  and  if,  farther,  it  is  admitted  that  sensa- 
tions determine  trains  of  thought,  we  shall  find  little 
difficulty  in  assenting  to  the  proposition,  which  many 
psychologists  deny,  that  even  in  the  deepest  slumber 
dreams  occur.  The  physiological  reasons  for  suppos- 
ing that  the  brain  is  active  during  sleep,  though  not 
perhaps  so  active,  nor  having  all  its  various  parts  in 
such  perfect  co-ordination,  as  during  waking  hours, 
seem  to  me  very  strong,  although  the  point  scarcely 
admits  of  proof  Whereas  the  only  strong  argument 
against  it  is  that  we  have  seldom  any  consciousness  of 
having  dreamed,  some  persons,  indeed,  declaring  that 
they  never  dream.  This  argument  is,  however,  weak- 
ened by  the  fact  that  somnambulists,  who  not  only 
dream,  but  act  their  dreams,  and  often  in  a  very  sur- 
prising manner,  never  remember  these  dreams  when 
awake.  It  thus  appears  that  our  forgetfulness  of 
dreams  is  no  proof  of  dreamless  sleep  ;  and  Sir  Wil- 
liam Hamilton  declares  that,  having  experimented  on 
his  own  person,  and  caused  himself  to  be  roused  at 
different  hours  of  the  night,  he  was  always  able  to 
observe  that  he  was  in  the  middle  of  a  dream.  "  The 
recollection  of  this  dream  was  not  always  equally  vivid. 
On  some  occasions  I  was  able  to  trace  it  back  until 
the  train  was  gradually  lost  at  a  remote  distance  ;  on 
others,  I  was  hardly  aware  of  more  than  one  or  two 
of  the  latter  links  of  the  chain  ;  and  sometimes  was 
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scarcely  certain  of  more  than  the  fact  that  I  was  not 
awakened  from  an  unconscious  state."  * 

In  describing  Sleep  we  had  occasion  to  notice  the 
partial  though  oscillating  congestion  which  character- 
ises it.  In  proportion  as  this  congestion  is  extensive 
will  the  sleep  be  profound,  and  the  dreams  necessarily 
imperfect  and  fragmentary ;  for  the  effect  of  con- 
gestion will  be  to  prevent  certain  parts  of  the  nerv- 
ous mechanism  from  being  stimulated  by  the  others  ; 
and  thus,  instead  of  consecutive  trains  of  thought, 
there  will  only  be  irregular  and  imperfect  trains  called 
up  by  the  various  sensations. 

*  Hamilton  :  Lectures  on  Metaphysics,  i.  323. 
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CHAPTEE  XII. 

THE  QUALITIES  WE  INHERIT  FROM  OUR  PARENTS. 

The  contradictory  statements  current— Mr  Buclde's  rejection  of  the 
Law  of  Inlieritance  examined— The  general  characteristics  which 
are  inherited — Differences  in  families— Pecuharities  inherited— Are 
the  effects  of  accident  transmitted  ?— Hahits  and  tricks  inherited 
—Influence  of  the  second  parent— Vices,  Diseases,  Idiosyncrasies 
inherited — Longevity  inherited— Predisposition  to  Insanity— The 
respective  influences  of  father  and  mother— Refutation  of  the  notion 
that  the  father  gives  the  animal  organs,  and  the  mother  the  vegetal 
organs— Cm-ions  examples— Children  of  great  men — Necessary  fusion 
of  the  parental  influences— Perturbing  causes  :  Atavism  ;  Potency 
of  the  mdividual ;  Age  ;  Sex— Summary  of  the  evidence — Is  miir- 
riage  justifiable  where  the  hereditaiy  "  taint"  exists. 

"  That  boy  is  the  very  image  of  his  mother  ! "  is  the 
exclamation  frequently  heard  ;  and  not  less  frequently, 
"  That  boy  is  remarkably  unlike  his  parents  !  "  We  also 
hear  it  said,  "  He  has  his  father's  talent,  or  his  mother's 
sharpness  ; "  and  conversely,  "  He  has  none  of  the 
family  talent."  That  the  sons  of  remarkable  men  are 
generally  dunces,  and  that  men  of  genius  have  remark- 
able mothers,  are  two  very  questionable  statements 
which  have  become  proverbial. 
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Such  contradictory  statements  seem  to  indicate  that 
qualities  are,  and  are  not,  inherited  from  parents  ;  that 
inheritance  is  very  much  a  matter  of  chance,  and  that 
what  we  usually  suppose  to  be  evidence  of  hereditary 
transmission,  is  really  nothing  more  than  coincidence. 
This  seems  to  be  the  view  taken  by  Mr  Buckle  ;  in  his 
remarkable  work  there  is  the  following  passage,  which 
must  excite  the  physiologist's  astonishment :  "  We 
often  hear  of  hereditary  talents,  hereditary  vices,  and 
hereditary  virtues ;  but  whoever  will  critically  examine 
the  evidence,  will  find  that  we  have  no  proof  of  their 
existence.  The  way  in  which  they  are  commonly 
proved  is  in  the  highest  degree  illogical,  the  usual 
course  being  for  writers  to  collect  instances  of  some 
mental  pecuharity  found  in  a  parent  and  in  his  child, 
and  then  to  infer  that  the  peculiarity  was  bequeathed. 
By  this  mode  of  reasoning  we  might  demonstrate  any 
proposition,  since  in  all  large  fields  of  inquiry  there 
are  a  sufficient  number  of  empirical  coincidences  to 
make  a  plausible  case  in  favour  of  whatever  view  a 
man  chooses  to  advocate."  * 

It  must  be  admitted  that  many  of  the  cases  collected 
to  prove  hereditary  transmission  have  been  allowed  to 
pass  unchallenged  by  criticism,  and  many  of  them  are 
worthless  as  evidence ;  but  is  Mr  Buckle  prepared  to 
deny  that  the  tendencies  and  peculiarities  of  men  de- 
pend on  their  organisations  ?  If  he  is  not  prepared  to 
deny  this,  his  scepticism  is  illogical,  since  there  can  be 

*  Buckle  :  Civilisation,  in  England,  i.  61. 
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no  shadow  of  doubt  that  organisations  are  inherited. 
He  will  not  say  that  it  is  a  mere  coincidence  which 
preserves  intact  the  various  "  breeds  "  of  animals  : 
which  makes  the  bull-dog  resemble  the  bull-dog,  and 
the  bull-terrier  resemble  the  bull-dog  and  the  terrier ; 
which  make  the  Jews  all  over  the  world  resemble 
Jews,  because  they  keep  their  race  free  from  admixture, 
by  never  marrying  into  other  races ;  which  gives  us 
short-homed  cattle,  and  fan-tailed  pigeons  ;  and  which 
makes  the  j)edigree  of  a  horse,  or  dog,  a  value  estimable 
in  hard  cash.  Unless  parents  transmitted  to  offspring 
their  organisations,  their  peculiarities  and  excellencies, 
there  would  be  no  such  thing  as  a  breed,  or  a  race.  The 
cur  would  run  the  same  chance  as  the  best-bred  dog 
of  turning  out  valuable.  The  greyhound  might  point, 
and  the  cart-horse  win  the  Derby.  Daily  experience 
tells  us  that  this  is  impossible.  Science  tells  us  that 
there  is  no  stich  thing  as  chance.  Physiology  tells  us 
that  the  offspring  always,  and  necessarily,  inherits  its 
organisation  from  the  parents  ;  and  if  the  organisation 
is  inherited,  then  with  it  must,  be  inherited  its  tend- 
encies and  aptitudes.  Mr  Buckle  seems  to  have  been 
misled  by  that  which  conceals  the  fact  of  transmission 
from  ordinary  apprehension,  namely,  the  very  great 
number  of  instances  in  which  the  offspring  does  not 
closely  resemble  either  parent ;  or  rather,  in  which  the 
resemblance  is  not  discernible  by  us.  If  the  law  of 
transmission  is  not  a  figment,  these  seeming  contradic- 
tions are  susceptible  of  explanation  ;  and  in  the  course 
of  the  brief  survey  which  will  here  be  given,  I  hope  to 
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be  able  to  convince  the  reader  that  an  explanation  is 
possible* 

We  must  first  note  the  indubitable  fact  that  the 
organisation  of  the  offspring  always  and  necessarily  re- 
sembles that  of  the  parents  in  its  general  characters. 
So  uniform  is  our  experience  of  this  constancy,  that 
nothing  would  be  more  incredible  than  that  negro 
parents  should  give  birth  to  a  child,  with  the  straight 
hair,  aquiline  nose,  small  heels,  &c.  of  an  European  ; 
or  that  two  sheep  should  produce  a  goat.  But  while 
there  is  this  constancy  in  the  transmission  of  general 
characters,  there  is  considerable  variation  in  the  trans- 
mission of  individual  peculiarities.  One  of  the  negro 
parents  may  be  tall,  robust,  joyous,  stupid  ;  the  other 
short,  feeble,  querulous,  clever  :  now  as  the  child  can- 
not be  at  once  short  and  tall,  clever  and  stupid,  feeble 
and  robust,  in  inheriting  its  parents'  organisations  it 
may  either  resemble  one  of  the  parents  more  than  the 
other,  or  may  apparently  resemble  neither,  by  being  a 
mingling  of  the  two.  It  is  this  fact  of  double  parent- 
age, and  double  inheritance,  with  an  inequality  in  the 
amount  of  influence  exercised  by  each  parent,  which 
complicates  the  question,  and  produces  the  seeming 
contradictions  to  the  law  of  transmission.  Let  two 
Jews  produce  offspring,  and  inasmuch  as  both  parents 

*  The  materials  for  this  chapter  are  drawn  from  the  extensive  but 
uncritical  work  of  Prosper  Lucas  :  Traiii  de  riieridite  vaturelle,  1847- 
1850 ;  the  lectures  On  the  Physiology  of  Breeding,  by  Mi-  0RTO^■,  1855  ; 
the  Traite  de  la  G&nh-ation,  by  GiROU  DE  Bazareingues,  1828 ;  the 
work  by  M.  Moreau  :  La  Psychologie  Morhide,  1859  ;  and  an  article, 
by  the  present  writer,  on  Hereditary  Infiuencc,  in  the  July  number  of 
the  Westminster  Review,  1856. 
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tave  the  Jewisli  physiognoraj^  the  offspring  wiU  be 
unmistakably  Jewish  ;  but  let  a  Jew  and  a  Saxon  pro- 
duce offspring,  and  the  mingling  of  these  two  differ- 
ent organisations  will  be  as  visible  in.  the  offspring 
as  it  is  in  a  Llulatto,  or  in  any  other  cross  breed. 

People  often  express  surprise  at  observing  the  strange 
differences  in  aspect  and  disposition  between  brothers 
bred  up  together  in  the  same  nursery,  and  under  sim- 
ilar influences.     From  Cain  and  Abel,  to  the  brothers 
Buonaparte,  the  diversity  in  families  has  been  a  stand- 
ins;  marvel.  Nay,  such  diversities  are  observed  not  only 
between  brothers,  but  between  twins  ;  and  it  was  no- 
ticed in  the  striking  case  of  the  celebrated  Eita  and 
Christina,  twins  who  were  so  fused  together  that  they 
had  only  one  body  and  one  pair  of  legs  between  them, 
with  two  heads  and  four  arms,  yet  they  manifested 
very  different  dispositions  and  tempers.*    The  same 
was  observed  of  the  Presburg  twins,  the  Siamese 
twins  ;  and  of  the  African  twins,  recently  exhibited 
in  London.    The  cause  of  these  diversities  is  the  in- 
equality with  which  the  parental  organisations  were  in- 
herited ;  both  parents  contributed  their  elements,  but 
these  elements  were  differently  compounded. 

It  is  to  this  inequality  in  the  influence  of  a  particular 
parent  that  we  must  attribute  the  fact  that,  while  certain 
peculiarities,  trifling  and  even  whimsical,  are  sometimes 
seen  to  be  transmitted,  they  are  not  uniformly  trans- 
mitted. I  am  disposed  to  receive  with  great  scepticism 
many  of  the  cases  which  have  been  advanced,  without 

*  Geoffroy  St  Hilaike  :  PJnlosopMe  Anatomique,  ii.;  andSEEBES : 
Eecherches  cCAnaiomie  iranscendante.  i 
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in  the  least  swerving  from  my  position  that  even 
trifling  peculiarities  are  inherited.    Plutarch  speaks  of 
a  family  in  Thebes,  every  member  of  which  was  born 
with  the  mark  of  a  spear-head  on  his  body  :  Plutarch 
is  not  a  good  authority  for  such  a  fact ;  yet  we  need  not 
summarily  reject  it.    An  Italian  family  had  the  same 
sort  of  mark,  and  hence  bore  the  name  of  Lansada. 
HaUer  cites  the  case  of  the  Bentivoglio  famUy,  in  whom 
a  slight  external  tumour  was  transmitted  from  father 
to  son,  which  always  swelled  when  the  atmosphere  was 
moist.    Again,  the  Eoman  families  Nasones  and  Buc- 
cones  indicate  analogous  peculiarities  ;  to  which  may 
be  added  the  well-known  "  Austrian  Hp"  and  "  Bour- 
bon nose."    All  the  Barons  de  Vessins  were  said  to 
have  a  peculiar  mark  between  their  shoulders  ;  and 
by  means  of  such  a  mark.  La  Tour  Landry  discovered 
the  posthumous  legitimate  son  of  the  Baron  de  Vessins 
in  a  London  shoemaker's  apprentice.    If  these  cases 
be  received  with  an  incredulous  smile,  we  must  remem- 
ber the  series  of  indisputable  facts  noticed  in  the  breed- 
ing of  animals.    Every  breeder  knows  that  the  colours 
of  the  parents  are  inherited ;  that  the  spots  are  repeated, 
such  as  the  patch  over  the  bull-terrier's  eye,  and  the 
white  legs  of  a  horse  or  cow  ;  and  Chambon    lays  it 
down  as  a  principle  derived  from  experience,  that  by 
choosing  the  parents  you  can  produce  any  spots  you 
please.     Girou  noticed  that  his  Swiss  cow,  white, 
spotted  with  red,  gave  five  calves,  four  of  which  re- 
peated exactly  the  spots  of  their  mother ;  the  fifth,  a  cow- 

*  Traits  de  V Education  des  Mouiom,  i.  116. 
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calf,  resembliDg  the  bull.  Do  we  not  all  know  how  suc- 
cessful our  cattle-breeders  have  been  in  directing  the  fat 
to  those  parts  of  the  organism  where  gourmandise  de- 
sires it?  and  have  not  sheep  become  moving  cylinders  of 
fat  and  wool,  merely  because  fat  and  wool  were  needed? 

More  questionable  are  the  facts  accidents  becoming 
hereditary.  A  superb  stallion,  son  of  Le  Glorieux, 
Avho  came  from  the  Poinpadom-  stables,  became  blind 
from  disease  :  all  his  children  became  blind  before  they 
were  three  years  old.  Burdach  cites  the  case  of  a 
woman  who  nearly  died  from  hjemorrhage  after  blood- 
letting ;  her  daughter  was  so  sensitive  that  a  violent 
hssmorrhage  would  follow  even  a  trifling  scratch  ;  she, 
in  turn,  transmitted  this  peculiarity  to  her  son.  Horses 
marked  during  successive  generations  with  red-hot  iron 
in  the  same  place,  are  said  to  transmit  the  visible  traces 
of  such  marks  to  their  colts.  A  dog  had  her  hinder 
parts  paralysed  for  several  days  by  a  blow  ;  six  of 
her  seven  pups  were  deformed  or  excessively  weak 
in  their  hinder  parts,  and  were  drowned  as  useless.* 
Treviranus  t  cites  Blumenbach's  case  of  a  man  whose 
little  finger  was  crushed  and  twisted,  by  an  accident 
to  his  right  hand  :  his  sons  inherited  right-bands  with 
the  little  finger  distorted. 

These  latter  cases,  I  confess,  have  an  air  of  suspicion, 
which  almost  justifies  Mr  Buckle's  assertion  that  the 
evidence  for  hereditary  transmission  is  founded  on  mere 
empirical  coincidences.  It  is  not  only  physiologically 
unintelliffible  how  the  effect  of  an  accident  could  be 

*  GiROU.  p.  127.  ^BiologiCj  iii.  452, 
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thus  transmitted  ;  but  it  is  incredible  that,  were  such 
transmission  within  the  course  of  nature,  men  should 
for  centuries  have  lost  arms  and  legs  without  becoming 
the  progenitors  of  armless  and  legless  babies  ;  or  how 
for  generations  the  terrier's  ears  and  tails  should  be 
cut  short,  yet  terrier  pups  never  come  into  the  world 
ready  cropped.    The  savages  who  tattoo  their  bodies, 
and  bore  holes  through  their  noses,  do  not  bring  tat- 
tooed babies  into  the  world.    The  truth  of  the  matter 
seems  to  be  this  :  The  organisation  of  the  parent  is 
transmitted,  and  with  that  organisation  all  those  cha- 
racters and  tendencies  which  the  organisation  in  activity 
would  naturally  manifest.  A  habit,  or  trick,  which  has 
been  acquired,  and  so  long  estabUshed  that  it  may  be 
said  to  be  organised  in  the  individual — whose  mechan- 
ism has  grown  to  its  performance — will  stand  the  same 
chance  of  being  inherited,  as  the  bulk  of  bone  and 
muscle,  or  the  sensibility  of  the  nervous  system.  An 
idiosyncrasy  which  results  from  some  organic  disposi- 
tion— say,  for  example,  the  repugnance  to  animal  food 
— ^may  as  easily  be  inherited  as  a  good  constitution,  or 
a  scrofulous  tendency.    Explain  it  as  we  may,  there  is 
no  fact  more  certain  than  that  a  habit  once  firmly  fixed, 
once  "  organised  "  in  the  individual,  becomes  almost  as 
susceptible  of  transmission  as  any  normal  tendency. 
Pointer  pups  inherit  the  aptitude,  i.e.  the  organisation, 
fitting  them  for  easily  learning  to  "  point ;  "  and  this 
aptitude  is  sometimes  so  strong  that  they  will  point 
before  they  have  been  taught.    It  is  the  same  mth 
dogs  that  have  been  taught  to  "  beg,"    I  had  a  pup. 
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taken  from  its  mother  at  six  weeks  old,  and  before, 
therefore,  it  could  have  learned  to  beg  from  her,  which 
spontaneously  took  to  begging  for  everything  it  wanted; 
and  one  day  I  found  it  opposite  a  rabbit-hutch,  begging, 
apparently,  the  rabbits  to  come  and  play.  Girou  relates 
that  he  knew  a  man  who  had  the  habit  of  sleeping  on 
his  back,  with  his  right  leg  crossed  over  his  left.  One 
of  his  daughters  showed  the  same  peculiarity  from  her 
birth  upwards,  and  constantly  assumed  the  attitude  in. 
her  cradle.  Venette  knew  a  woman  who,  without  being 
lame,  had  a  sort  of  limp  in  her  right  leg ;  her  daughter 
had  the  same  defect  in  her  right  leg.  Every  one's  expe- 
rience will  furnish  examples  of  trifling  peculiarities  of 
manner  —  too  individual  to  be  mistaken  —  which  are 
manifested  by  children  who  have  never  seen  the  par- 
ents they  imitate.  Nor  is  there  anything  surprising 
in  this.   The  habit  or  manner,  the  attitude  or  trick,  re- 
sults from  some  peculiarity  in  the  bodily  framework,  con- 
genital or  acquired,  and  this  peculiarity  is  transmitted 
in  the  framework.    It  would  always  be  transmitted 
were  there  not  the  counter-influence  of  a  second  parent, 
whose  organisation  is  also  inherited.    This  second  par- 
ent has  not  the  peculiarity,  and  the  peculiarity  may 
therefore  be  counteracted  by  her  influence.   Two  point- 
ers will  produce  pups  that  easily  learn  to  point,  or 
even  do  so  spontaneously ;  but  if  a  pointer  be  crossed 
with  a  setter,  it  is  very  likely  that  some  of  the  pups  will 
not  point  at  all,  although  some  may  inherit  the  parental 
tendency.    If  a  man  of  great  musical  aptitude  marry  a 
woman  with  none,  it  is  probable  that  of  two  children 
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one  "will  inlierit  the  musical  aptitude,  and  the  other  be 
as  insensible  as  the  mother ;  but  it  is  also  probable  that 
both  will  inherit  the  aptitude,  or  that  neither  wilL 
Whenever  we  observe  rigorous  constancy  in  the  trans- 
mission of  qualities — as  in  the  breeds  of  animals — the 
secret  is  that  both  parents  had  more  or  less  of  these 
qualities.  Whenever  we  observe  inconstancy  in  the 
transmission,  the  secret  is,  that  only  one  parent  had 
the  qualities  ;  and  inasmuch  as  both  parents  transmit 
their  organisations,  the  double  influence  determines  the 
product. 

Instead,  therefore,  of  feeling  any  sm-prise  at  a  quality 
not  being  inherited  when  only  one  parent  had  that  qua- 
lity, we  must  anticipate  such  a  result  being  very  fre- 
quent ;  and  our  attention  should  be  rather  fixed  on  the 
numerous  cases  in  which  the  quality  is  transmitted  in 
spite  of  the  influence  of  the  other  parent.  Two  con- 
sumptive parents  will  inevitably  bring  forth  consump- 
tive, or  scrofulous,  children  ;  but  one  consumptive  and 
one  vigorous  parent  will  bring  forth  children,  none  of 
whom  may  be  consumptive  or  scrofulous,  or  only  some 
of  them,  or  all  of  them.  These  variations  throw  no 
doubt  on  the  law  of  inheritance,  but.  are  in  strict  con- 
formity with  it ;  because  no  sooner  are  the  disturbing 
influences  removed  than  the  law  acts  wdth  unvarying 
uniformity.  The  evidence  of  dii'ect  transmission  is 
ample,  not  only  in  the  case  of  "breeds,"  but  in  the  case 
of  individual  peculiarities.  Thus  Gii'ou  relates  the  case 
of  a  sporting-dog,  taken  young  from  its  mother  and 
father,  who  was  singularly  obstinate,  and  exhibited  the 
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o-reatest  terror  at  every  explosion  of  the  gun,  which 
always  excites  the  ardour  of  the  species.  On  the 
owner  expressing  his  surprise  to  the  gentleman  from 
whom  he  received  the  dog,  he  was  told  that  nothing 
was  more  likely,  for  the  dog's  father  had  the  same 
pecidiarity.  How  the  vicious  disposition  of  horses  is 
transmitted,  all  breeders  know.  Again,  we  know  that 
the  vice  of  drunkenness  is  very  apt  to  be  inherited, 
and  that  the  passion  for  gambling  is  little  less  so. 
"  A  lady  with  whom  I  was  very  intimate,"  relates  Da 
Gama  Machado,  "and  who  possessed  great  wealth, 
passed  her  nights  in  gaming  :  she  died  young,  from 
pulmonary  disease.  Her  eldest  son  was  equally  ad- 
dicted to  play,  and  he  also  died  of  consumption  at  the 
same  age  as  his  mother.  His  daughter  inherited  the 
same  passion  and  the  same  disease."  Tendencies  to 
particular  vices  are  inherited,  and  are  exhibited  in 
cases  where  the  early  death  of  the  parents,  or  the 
removal  of  the  children  in  infancy,  prevents  the  idea  of 
any  imitation  or  effect  of  education  being  the  cause. 
That  the  oro-anisation  of  a  thief  is  transmitted  from 
father  to  son  through  generations,  seems  tolerably  cer- 
tain. Gall  -f-  has  cited  some  striking  examples.  And 
murder,  like  talent,  seems  occasionally  to  run  in  fami- 
lies. Parents  with  an  unconquerable  aversion  to  animal 
food  have  transmitted  that  aversion  ;  and  parents, 
with  the  horrible  propensity  for  human  flesh,  have 
transmitted  the  propensity  to  children  brought  up 

«  Thiorie  des  Ressemhlances,  p.  154,  quoted  by  Lucas. 
f  Fonciions  du  Cerveau,  i.  207. 
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away  from  tliem  under  all  social  restraints.  Zimmer- 
mann  cites  the  case  of  a  whole  family  upon  whom 
coffee  acted  as  opium  acts  on  others,  while  opium  had 
no  sensible  effect  whatever  on  them  ;  and  Dr  Lucas 
knows  a  family  upon  whom  the  slightest  dose  of 
calomel  produces  violent  nervous  tremblings.  Every 
physician  knows  how  both  predisposition  to,  and  abso- 
lute protection  against,  certain  specific  diseases  are 
transmitted.    In  many  families  the  teeth  and  hair  fall 
out  before  the  ordinary  time,  no  matter  what  hygiene 
be  followed.    Sir  Henry  Holland  remarks,  "  The  fre- 
quency of  blindness  as  an  hereditary  affection  is  well 
known,  whether  occurring  from  cataract  or  other 
diseases  of  the  parts  concerned  in  vision.    The  most 
remarkable  of  the  many  examples  known  to  me,  is 
that  of  a  family  where  fom-  out  of  five  children,  other- 
wise healthy,  became  totally  blind  from  amaurosis  about 
the  age  of  twelve  ;  the  vision  having  been  gradually 
impaired  up  to  this  time.    What  adds  to  the  singular- 
ity of  this  case  is  the  existence  of  some  family  monu- 
ment long  prior  in  date,  where  a  female  ancestor  is 
represented  with  several  children  around  her,  the  in- 
scription recording  that  all  the  number  were  blind."  * 
Unless  we  are  to  suppose  all  these  cases  simple  coin- 
cidences, we  must  admit  iudividual  heritage  ;  but  the 
doctrine  of  probabilities  will  not  permit  us  to  suppose 
them  coincident.    Let  us  take  the  idiosyncrasy  of  can- 
nibalism, which  may  be  safely  said  not  to  appear  more 

*  Medical  Notes  and  Reflections,  p.  23.  Compare  also  a  striking 
passage  in  Dr  Inman's  FoimdationforaNeio  Theory  of  Medicine,  p.  S. 
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than  once  in  ten  thonsand  human  beings  :  if,  there- 
fore, we  take  one  in  ten  thousand  as  the  ratio,  the 
chances  against  any  man  manifesting  the  propensity- 
will  be  ten  thousand  to  one,  but  the  chances  against 
his  son  also  manifesting  it  will  be — ^what  some  more 
learned  calculator  must  declare. 

We  can  even  produce  a  race  having  any  peculiarities 
we  will,  provided  we  have  parents  possessing  the  germs 
of  these  qualities.  M.  Danney  made  experiments  dur- 
ino-  ten  vears  with  rabbits,  a  hundred  couples  being 
selected  by  him  with  a  view  to  the  creation  of  pecu- 
liarities. By  always  choosing  the  parents,  he  succeeded 
in  obtaining  a  number  of  malformations  according  to 
his  preconceived  plan.  And  such  experiments  have 
been  repeated  on  dogs,  pigeons,  and  poultry  with  like 
success.  Ifc  is  on  this  fact  of  individual  heritage 
that  longevity  depends.  There  is  no  term  of  life  for 
the  "  species,"  only  a  term  for  the  individual — a  fact 
which  sets  the  speculations  of  Cornaro,  Hufeland,  and 
Flourens  at  nought.  There  are  limits  which  neither 
the  "  species  "  nor  the  individual  can  be  said  to  pass  : 
no  man  has  been  known  to  live  two  hundred  years  ; 
but  the  number  of  years  which  each  individual  will 
reach,  without  accident,  is  a  term  depending  neither 
on  the  '■'  species,"  nor  on  his  own  mode  of  life,  but  on 
the  organisation  inherited  from  his  parents.  Temper- 
ance, sobriety,  and  chastity,  however  desirable,  both  in 
themselves  and  in  their  effects,  will  not  insure  long 
life  ;  intemperance,  hardship,  and  irregularity  will  not 
prevent  a  man  living  for  a  century  and  a  half.  The 
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facts  are  there  to  prove  both  propositions.  Longevity 
is  an  inheritance.  Like  talent,  it  may  be  cultivated  ; 
like  talent,  it  may  be  perverted  ;  but  it  exists  inde- 
pendently of  all  cultivation,  and  no  cultivation  will 
■create  it.    Some  men  have  a  talent  for  long  Ufe. 

M.  Charles  Lejoncourt  published,  in  184<2,  his  Galerie 
des  Centenaires,  in  which  may  be  read  a  curious  list  of 
examples  proving  the  hereditary  nature  of  longevity. 
Li  one  page  we  have  a  day-labourer  dying  at  the  age 
of  108  ;  his  father  lived  to  104,  his  grandfather  to  108, 
and  his  daughter,  then  living,  had  reached  80.    In  an- 
other we  have  a  saddler  whose  grandfather  died  at  1 12, 
his  father  at  113,  and  he  himself  at  115.    This  man, 
aged  113,  was  asked  by  Louis  XIV.  what  he  had  done 
to  so  prolong  life  ;  his  answer  was—"  Sire,  since  I  was 
50, 1  have  acted  upon  two  principles  :  I  have  shut  my 
heart  and  opened  my  wine-cellar."   M.  Lejoncom-t  also 
mentions  a  woman  then  living,  aged  150,  whose  father 
died  at  124,  and  whose  uncle  at  113.    But  the  most 
surprising  of  the  cases  cited  by  Lucas  is  that  of  Jean 
Golembiewski,  a  Pole,  who  in  1846  was  stiU  Uving, 
aged  102,  having  been  eighty  years  as  common  sol- 
dier, in  thirty-five  campaigns  under  Napoleon,  and 
having  even  survived  the  terrible  Eussian  campaign, 
in  spite  of  five  wounds  and  a  soldier's  recklessness  of 
life.    His  father  died  aged  121,  and  his  grandfather 
130.    Indeed,  the  practice  of  every  annuity  and  in- 
surance office  suffices  to  convince  us  of  ordinary  expe- 
rience having  discovered  that  length  of  life  is  somehow 
dependent  on  hereditary  influence.  That  the  predis- 
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position  to  insanity  and  nervous  diseases  is  inherited, 
every  one  knows. 

M.  Moreau  has  cited  the  following  examples  from  his 
notes  :— At  Bicetre  there  is  now  a  monomaniac,  whose 
paternal  grandmother  died  mad  ;  his  father  died  mad ; 
his  maternal  aunt  is  epileptic;  his  eldest  brother 
had  melancholy  madness,  which  terminated  in  suicide  ; 
his  sister  is  subject  to  attacks  of  hysterical  epilepsy. 
Another  inmate  of  the  same  asylum  is  subject  to  dan- 
gerous hallucinations;  his  father,  although  not  pre- 
cisely insane,  is  eccentric  almost  to  a  degree  of  in- 
sanity ;  his  eldest  brother  is  excessively  irritable  and 
violent,  and  becomes  almost  maniacal  under  the  small- 
est excess  of  alcoholic  stimulants  ;  four  of  his  paternal 
uncles  committed  suicide.  A  third  case  is  of  an  epi- 
leptic woman,  who  has  given  birth  to  eight  children ; 
three  died  early  from  convulsions  ;  one  of  the  remain- 
ing five  is  hysterical,  and  another  epileptic.  This 
woman's  sister  died  of  grief,  aged  twenty-five.  Her 
father  died  mad  in  an  asylum.  Her  grandfather  was 
insane.  Her  mother  died  of  consumption,  and  was 
slightly  epileptic* 

If  these  cases  stood  alone,  we  should  suspect  some- 
thing more  than  coincidence  underlying  them ;  but 
every  physician  knows  that  such  cases  are  frequent. 
No  one  expects  that  two  hacks  will  produce  a  race- 
horse ;  two  mongrels  a  pure  hound ;  two  scrofulous 
parents  a  strong  healthy  child ;  two  irascible,  excitable 
parents,  a  gentle,  placid  child ;  two  semi-idiots  a  child 

*  Moreau  :  La  Psychologic  Morhide,  p.  139. 
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of  genius.  Every  one  expects  that  the  qualities  of  the 
parents  will  be  inherited  by  the  child,  and  when  they 
are  not  inherited,  we  assume  that  there  has  been  some 
disturbing  influence. 

But  now  comes  the  difficult  part  of  om*  inquiry. 
Which  is  the' predominating  influence,  the  male  or  the 
female  ?  If  both  parents  join  to  form  the  child,  does 
one  parent  give  one  group  of  organs,  and  another 
parent  another  group,  or  do  both  give  all  ? 

Speaking  of  mides,  Vicq-d'-Azyr  says,  with  proper 
caution,  "  It  seems  as  if  the  exterior  and  the  extre- 
mities were  modifiec^  by  the  father,  and  that  the 
viscera  emanate  from  the  mother."  The  reserve  with 
which  the  great  anatomist  expresses  himself  has  not 
been  imitated  by  his  successors.  Indeed,  it  is  notice- 
able that  men  in  general  dislike  uncertainties  and  qua- 
lified statements;  they  prefer  decisive  opinions,  dis- 
tinct formulas.  On  this  subject  they  have  preferred 
the  distinct  formula,  which  has  been  also  adopted  by  Mi- 
Orton,  in  his  Lectures,  namely,  "  that  the  male  gives 
the  external  configuration — or,  in  other  words,  the  loco- 
motive organs  ;  while  the  female  gives  the  iiiternal — or, 
in  other  words,  the  vital  organs."  This  is  the  theory 
generally  adopted ;  but  although  it  has  the  countenance 
of  authority,  an  extensive  survey  of  the  facts,  and  a 
more  accurate  study  of  embryology,  seem  to  me  wholly 
adverse  to  it. 

Linnteus  said  that  the  internal  plant  (that  is  to  say, 
the  organs  of  fructification)  is  in  all  hybrids  like  the 
female ;  the  external  organs,  on  the  contrary,  resemble 
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those  of  the  male.    This  stcatement  is  diametrically  op- 
posed by  de  Candolle,  who  announces  it  as  a  law  that 
the  organs  of  vegetation  are  given  by  the  female,  those 
of  fnictification  by  the  male.    When"  two  doctors  of 
such  eminence  differ  on  a  point  like  this,  we  may  rea- 
sonably suspect  that  both  are  right,  and  both  are 
wrong  ;  and  here  om'  suspicion  is  supported  by  the 
mass  of  facts  adduced  in  the  experiments  of  M.  Sagaret, 
which  refute  the  hypothesis  of  Linnaeus,  and  the  hypo- 
thesis of  de  Candolle.    What  we  have  just  incUcated 
with  regard  to  plants,  has  been  the  course  pursued  with 
regard  to  animals  :  one  class  of  observations  has  seemed 
to^prove  that  the  father  bestows  the  "  animal  system;" 
another  class  of  observations  has  seemed  to  prove  that 
the  mother  bestows  it ;  and  a  thiixi  class  has  proved 
both  theories  inadequate.     Quite  recently  General 
Daumas  published  the  result  of  his  long  experience 
with  Arab  horses,*  arguing  that,  according  to  the  testi- 
mony of  the  Arabs,  the  stallion  was  the  most  valuable 
for  purposes  of  breeding.    Upon  this,  the  InsjJec- 
teur  des  Haras,  who  had  traversed  Asia  for  the  ex- 
press purpose  of  collecting  evidence  on  the  subject, 
published  his  diametrically  opposite  conclusion,  declar- 
ino-  that  it  was  the  mare  whose  influence  preponderated 
in  the  foal.    General  Daumas  replied,  and  cited  a  let- 
ter addressed  to  him  by  Abd-el-Kader,  who  may  cer- 
tainly be  said  to  understand  Arab  horses  better  than 
Europeans.    The  letter  is  worth  reading  for  its  own 

*  Les  Chevcmx  de  Sahara  ;  see  also  an  article  in  tlie  Revue  des  Deux 
Mondes,  May  1855,  on  "  Le  Cheval  do  Guerre." 
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aake  ;  we  cau,  however,  only  quote  its  testimony  on 
the  particular  point  now  under  discussion.  "  The  expe- 
rience of  centuries  has  established/'  he  says,  "  that  the 
essential  parts  of  the  organisation,  such  as  the  bones, 
tiie  tendons,  the  nerves,  and  the  veins,  are  always 
derived  from  the  stallion.  The  mare  may  give  the 
colour  and  some  resemblance  to  her  structure,  but  the 
principal  qualities  are  due  to  the  stallion."  This  is 
very  weighty  testimony,  on  which  we  will  only  for  the 
present  remark,  that  it  merely  asserts  the  preponder- 
ance of  the  male  influence  as  respects  the  locomotive 
.system  ;  it  does  not  assert  that  absolute  independence 
of  any  female  influence  maintained  in  the  formula 
which  we  are  now  combating,  Abd-el-Kader's  state- 
ment is  tantamount  to  that  made  by  Mr  Orton, — "  I 
do  not  mean  it  to  be  inferred  that  either  parent  gives 
either  set  of  organs  uninfluenced  by  the  other  parent ; 
but  merely  that  the  leading  characteristics  and  quali- 
ties of  both  sets  of  qualities  are  due  to  the  male  on  the 
one  side,  and  to  the  female  on  the  other,  the  oppo- 
site parent  modifying  them  only." 

This  is  a  much  more  acceptable  theory  than  the 
other,  but  it  is  only  an  approximation  to  the  truth. 
Mr  Orton's  first  illustration  is  the  hybrid  of  the  horse 
and  ass  :  "  It  is  known  that  the  produce  of  the  male 
ass  and  the  mare  is  a  mule ;  but  I  do  not  think  it  is 
equally  well  kuoAvn  that  the  produce  of  the  stallion  and 
the  female  ass  is  what  has  been  denominated  a  hinny — 
yet  such  is  the  case  The  mule,  the  pro- 
duce of  the  ass  and  mare,  is  essentially  a  modified  ass — 
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the  ears  are  those  of  an  ass  somewhat  shortened — the 
mane  is  that  of  an  ass — the  tail  is  that  of  an  ass — the 
skin  and  colour  are  those  of  an  ass  somewhat  modi- 
fied— the  legs  are  slender,  the  hoofs  high,  narrow,  and 
contracted,  like  those  of  an  ass.  The  body  and  barrel 
are  round  and  full,  in  which  it  differs  from  the  ass  and 
resembles  the  mare." 

This  description  is  accurate,  but — we  put  it  interro- 
gatively— is  it  always  the  description  of  a  mule,  and 
never  that  also  of  a  hinny  ?  This  latter,  the  produce  of 
the  stallion  and  the  female  ass,  "  is  essentially  a  modi- 
fied horse — the  ears  like  those  of  a  horse  somewhat 
lengthened — the  mane  flowing — the  tail  bushy  like 
that  of  a  horse — the  skin  is  fine  like  that  of  a  horse — 
the  legs  are  stronger,  and  the  hoofs  broad  and  expanded 
like  those  of  a  horse.  The  body  and  barrel  are  flat  and 
narrow,  in  which  it  diff'ers  from  the  horse,  and  re- 
sembles its  mother  the  ass."  From  these  facts  Mr 
Orton  deduces  the  conclusion,  that  the  offspring  of  a 
cross  is  not  simply  a  mixture  of  the  two  parents,  nor 
is  it  an  animal  that  has  accidentally  a  similitude  to  one 
or  other  of  its  parents,  inasmuch  as  we  can  produce  at 
will  either  the  hinny  or  the  mule.  The  reader  will 
presently  see  why  such  a  conclusion  cannot  be  accepted ; 
and  we  may  at  once  anticipate  what  will  hereafter  be 
more  fuUy  explained,  by  saying  that  the  differences  Mr 
Orton  signalises  are  easily  interpreted  by  another 
theory.  In  point  of  fact,  both  mule  and  hinny  are 
modified  asses :  in  each  the  structure  and  disposition 
of  the  ass  predominates ;  and  it  does  so  in  virtue  of 
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that  greater  "  potency  of  race "  whicli  belongs  to  the 
ass — a  potency  which  is  less  effective  on  the  hinny, 
because  the  superior  vigour  of  the  staUion  modifies  it, 
according  to  ascertained  laws. 

"  I  would  call  your  consideration,"  Mr  Orton  con- 
tinues, "  to  a  very  curious  circumstance  pertaining  to 
the  voice  of  the  mule  and  the  hinny  ;  to  which  my  atten- 
tion was  called  by  Mr  Lort.  The  mule  brays,  the 
hinny  neighs.  The  why  and  wherefore  of  this  is  a  per- 
fect mystery,  until  we  come  to  apply  the  knowledge 
afforded  us  by  the  law  I  have  given.  The  male  gives 
the  locomotive  organs,  and  the  muscles  are  amongst 
these  ;  the  muscles  are  the  organs  which  modulate  the 
voice  of  the  animal :  the  mule  has  the  muscular  struc- 
ture of  its  sire  the  ass,  and  brays ;  the  hinny  has  the 
muscular  structure  of  its  su'e  the  horse,  and  neighs." 

This  seems  decisive,  until  we  extend  our  observa- 
tions, and  then  we  find  the  law  altogether  at  fault. 
The  produce  of  a  dog  and  a  she-wolf  sometimes  bark 
and  sometimes  only  howl,  according  to  Buffon ;  and 
the  produce  of  a  bitch-fox  and  a  dog,  according  to  Bm- 
dach,  barked  like  a  dog,  though  somewhat  hoarsely, 
and  howled  like  a  wolf  when  it  was  hurt.  A  similar 
remark  has  been  made  by  aU  who  have  attended  to 
cross-breeding  in  birds;  the  hybrid  of  the  goldfinch 
and  the  canary  has  the  song  of  the  goldfinch  mingled 
with  occasional  notes  of  the  canary,  which  seem  perpe- 
tually about  to  gain  the  predominance. 

These  illustrations,  apart  from  their  interest,  teach  us 
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to  be  cautious  in  generalising  from  a  few  facts,  however 
striking,  in  questions  so  complex  as  all  biological  ques- 
tions are.  Let  us,  however,  continue  to  call  on  Mr  Orton 
for  facts.   He  quotes  a  letter  from  Dr  George  Wilson  to 
Dr  Harvey,  respecting  the  produce  of  the  Manx  cat  and 
the  common  cat.    The  Manx  cat  has  no  tail,  and  is 
particularly  long  in  the  hinder  legs.    "  You  will  see," 
says  Dr  Wilson,  "  from  the  facts  communicated,  that 
where  the  Manx  cat  was  the  mother,  the  kittens  had 
tails  of  a  sort ;  where  the  Manx  cat  was  the  father, 
three-fourths  of  the  kittens  had  no  tail."    Mr  Orton 
also  quotes  a  communication  made  to  him  by  Mr  Gar- 
nett,  of  Clitheroe  : — "  From  these  I  select  those  per- 
taining to  the  Muscovy  duck  and  some  hybrids  pro- 
duced between  it  and  the  common  duck.    You  are 
aware  that  the  Muscovy  drake  exceeds  in  a  striking 
degree  the  duck  in  size  ;  the  drake  weighing  from  8  to 
94  lb.,  while  the  duck  weighs  only  from  3  to  4  lb. 
Hybrids  produced  from  the  Muscovy  drake  and  com- 
mon duck  followed  this  peculiarity  of  the  male  parent 
as  to  the  relative  size  of  the  male  and  female  hybrids ; 
the  male  weighing  from  5  to  6  lb.,  the  females  not 
half  as  much.    On  the  other  hand,  the  difference  in  the 
size  of  the  sexes  when  the  hybrids  were  the  produce  of 
the  common  drake  and  the  Muscovy  duck,  was  not 
apparent." 

A  valuable  observation,  certainly.  Mr  Orton  adds 
the  following  of  his  own.  He  placed  a  Cochin  cock 
with  his  common  hens,  "  reasoning  that  if  the  vital 
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organs  were  due  to  the  female,  then  the  cross  between 
these  birds  (being  externally  Cochins  and  internally 
common  hens)  should  lay  white  eggs,  the  secretion  of 
the  egg  being  a  vital  function.  You  know  that  the 
Cochin  lays  a  chocolate- coloured  egg.  The  half-breed 
did  what  theory  said  they  should  do — ^laid  white  eggs  ; 
and  not  only  white  eggs,  but  eggs  also  which,  on  the 
evidence  of  myself  and  famUy,  were  very  inferior  in 
taste,  having  lost  the  meUow,  buttery  taste  of  the 
Cochin  egg." 

But  he  has  recorded  another  curious  fact  respecting 
this  same  experiment,  which  might  have  made  him 
aware  of  the  problematical  natiu-e  of  his  theory,  had 
not  his  sagacity  been  hoodwinked  by  the  theory  : — 
"These  same  half-bred  birds  afforded  another  and  a 
very  unlooked-for  illustration  of  the  position  we  have 
taken.  They  were  aU,  when  first  hatched,  like  the 
Cochin  cock,  profusely  feathered  on  the  legs  and  feet — 
so  much  so,  that  they  had  to  be  marked  to  distinguish 
them  from  the  pure-bred  birds.  We  see  here  that, 
according  to  the  law,  the  male  parent  implanted  his 
characteristics  ;  but  what  was  curious,  in  a  few  weeks, 
in  some  of  the  half-breeds  aU,  and  in  many  most  of 
the  leg  feathers  were  shed.  Two  out  of  some  twenty 
birds  only  retained  them  ia  any  very  conspicuous 
degree.  Now,  why  was  this  ?  The  cock  had  implanted 
his  external  characteristics,  the  hen  had  given  her  vital 
organs.  The  feathers  of  the  male  were  thei'e ;  but  the 
vital  organs  necessary  to  their  growth  were  not  there ; 
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and  consequently,  after  a  time,  for  want  of  nutriment, 
these  feathers  were  shed." 

We  will  not  here  enter  on  the  question  of  the  growth 
of  feathers  (a  very  complex  matter),  but,  accepting  his 
own  premises,  ask  him,  if  the  external  characteristics 
are  thus  dependent  on  the  vital  organs  for  their  growth 
and  development,  and  these  vital  organs  are  given  by 
the  female,  how  does  the  child  ever  exhibit  the  char- 
acteristics of  the  male,  after  infancy  ?  Of  what  use  is 
it  for  the  male  to  implant  his  characteristics,  when  the 
female  influence  is  thus  certain  to  annihilate  them  ? 

Mv  Orton  further  cites  the  practice  of  Bakewell 
with  respect  to  his  celebrated  Dishley  sheep.  His 
rams  might  be  bought  or  hired,  for  a  good  price  ;  but 
his  best  ewes  were  sacred.  These  he  would  neither 
sell  nor  let.  As  a  counter-statement,  let  it  be  noted 
that,  according  to  Girou,  the  farmers  are  more  parti- 
cular about  the  bull  than  about  the  cow  when  they 
want  a  good  milking  cow,  for  it  is  observed  that  the 
property  of  abundant  secretion  of  milk  is  more  certain 
to  be  transmitted  from  a  bull  than  from  a  cow.  We 
question  the  fact  of  the  bull  having  greater  influence 
than  the  cow,  believing  that  in  each  case  the  property 
is  transmitted  according  to  direct  heritage ;  but  that 
the  bull  should  be  known  to  have  any  importance  in 
this  respect,  is  an  evidence  that  the  "  vital  organs  "  are 
not  solely  given  by  the  female. 

The  result  of  Mr  Orton's  researches  proves  that  the 
male  does  transmit  his  qualities  to  his  descendants  ;  as 
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a  matter  of  fact  this  must  be  always  distinctly  remem- 
bered ;  but  neither  his  researches  nor  those  of  his 
predecessors  sufl&ce  to  prove  this  transmission  to  be 
absolute,  in  the  sense  required  by  those  who  maintain 
that  the  male  gives  the  animal  and  the  female  the 
vegetative  organs ;  as  well  as  by  those  who  maintain 
that  the  male  influence  necessarily  and  invariably  pre- 
dominates in  the  animal,  the  female  in  the  vegetative 
organs.  Still  it  is  important  to  know  that  by  the  pol- 
len of  flowers  we  can  modify  the  tints,  and  produce 
any  varieties  of  tulip,  violet,  or  dahlia  ;  important  to 
know  that  we  can  also  modify  the  plumage  of  birds 
and  the  colour  of  animals :  it  is  important  to  know 
that  the  male  qualities  are  transmissible.  But  for 
scientific  rigour  this  is  not  enough.  Before  we  can 
establish  a  law  of  this  kind,  we  must  be  sure  that  the 
fact  is  constant  and  admits  of  no  exceptions,  or  only 
of  such  apparent  exceptions  as  may  be  classed  under 
unexplained  perturbations.  Now  daily  observations,  no 
less  than  recorded  cases,  assure  us  that  the  law  is  very 
far  from  being  constant,  that  the  female  as  immistak- 
ably  transmits  her  qualities  as  the  male  transmits  his, 
and  that  any  theorist  who  should  reverse  the  current 
thedry,  and  declare  the  mother  bestowed  the  animal 
system,  leaving  the  vegetative  to  the  father,  would  be 
able  to  make  a  formidable  array  of  facts.  Let  us 
glance  a  while  at  the  evidence. 

The  male  is  said  to  give  the  colour ;  but  the  female 
does  so  likewise.  A  black  cat  and  a  white  cat  will 
have  kittens  which  may  be  all  black,  all  white,  or 
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black  spotted  with  white,  and  white  spotted  with 
black.    Every  street  will  furnish  examples.  Isidore 
Geoffroy  St  Hilaire  speaks  of  a  case  under  his  observa- 
tion, of  a  black  buck  and  a  white  doe  :  the  first  pro- 
duce was  a  black  and  white  fawn  ;  the  second  a  fawn 
entirely  black,  except  a  white  spot  above  the  hoof* 
Burdach  mentions  the  case  of  a  raven  and  a  grey 
crow,  who  had  a  brood  of  five— two  black  like  the 
father,  two  grey  like  the  mother,  and  one  mixed. 
The  ass  has  only  five  lumbar  vertebrse,  the  horse  six  ; 
but  the  mule  has  sometimes  five  like  its  mother,  and 
six  like  its  father;  the  hinny  also  shows  the  same 
inconstancy.    The  same  result  is  observed  with  respect 
to  all  other  qualities.    But  perhaps  the  most  decisive 
example  we  could  quote  of  the  twofold  influence  of 
parents  is  in  the  singular  instance  recorded  by  Buffon. 
The  Marquis  Spontin-Beaufort  had  a  she-wolf  living 
in  his  stables  with  a  setter  dog,  by  whom  she  had  two 
cubs,  a  male  and  a  female.    The  male  resembled  ex- 
ternally his  father  the  dog,  except  that  his  ears  were 
pointed  and  his  tail  was  like  that  of  the  wolf;  the 
female,  on  the  contrary,  resembled  her  mother,  the 
wolf,  in  aU  external  characteristics  except  the  tail, 
which  was  the  same  as  her  father's.   Here,  in  one  case, 
the  father  gave  the  external  characteristics,  in  the 
other  the  mother ;  while  the  tail  was  in  each  case,  as 
it  were,  transposed.    But  the  marvel  of  this  case  does 
not  stop  here :  the  cubs  manifested  a  striking  differ- 
ence in  disposition,  in  each  case  resembling  in  cliar- 

»  Diet.  Classic/lie  d'llistoire  Natiirelle,  x.  121. 
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acier  the  parent  it  did  not  resemble  in  appearance 
and  in  sex :  thus  tlie  male  cub,  wliicli  had  all  the 
appearance  of  a  dog,  was  fierce  and  untamable  as  the 
wolf ;  the  female  cub,  which  had  all  the  appearance  of 
a  wolf,  was  familiar,  gentle,  and  caressing  even  to  im- 
portunity. Lucas  records  an  analogous  case.  These 
hybrids  are  very  instructive,  because  the  wide  differ- 
ences in  the  aspect  and  nature  of  the  parents  enable 
us  to  separate,  as  it  were,  the  influence  of  each.  The 
wolf  and  the  dog  often  breed  together ;  and  the  follow- 
ing observations,  interesting  in  themselves,  will  suffice 
to  show  the  reader  how  much  caution  is  necessary 
before  drawing  absolute  conclusions  from  single  illus- 
trations. Valmont  Bomare  observed  in  the  various 
hybrids  of  wolf  and  dog  which  came  under  his  notice 
at  Chantilly,  a  striking  j)reponderance  of  the  wolf  over 
the  dog ;  Marsch,  on  the  contrary,  observed  in  his  ex- 
perience a  preponderance  of  the  dog  over  the  wolf ; 
Geofifroy  St  Hilaire  and  Pallas  found  the  woK  to  pre- 
dominate ;  whereas,  Marolle  found  the  cubs  remark- 
able for  their  gentleness  and  doglike  instincts,  only 
recalling  the  wolf  in  their  voracity  and  fondness  for 
flesh.  Girou  found  the  preponderance  to  vary  ;  some- 
times the  father,  sometimes  the  mother  reappeared  in 
the  offspring.  If  there  were  no  other  evidence,  this 
would  suffice  to  disprove  the  hypothesis  of  either 
parent  contributing  one  group  of  organs  to  the  abso- 
lute exclusion  of  the  other  parent. 

The  same  fact  of  twofold  influence  is  shown  in  the 
transmission  of  defonnities,  such  as  extra  toes,  extra 
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fino-ers  &c.  :  sometimes  the  male,  and  sometimes  the 
female,  is  shown  to  preponderate,  by  the  offspring  in- 
heriting the  deformity  of  the  male  or  the  female.  It  is 
well  said  by  Girou,*  that  "  if  the  organisation  of  the 
male  was  the  only  one  which  passed  to  the  child,  the 
child  woidd  resemble  the  father,  as  the  fruit  of  a  graft 
resembles  the  tree  from  which  the  graft  was  taken,  and 
not  at  all  the  tree  on  which  it  was  grafted."  And 
what  is  here  said  of  the  whole  organisation,  applies 
with  equal  force  to  any  one  system,  such  as  the  nervous 
or  the  nutritive. 

Moreover,  if  the  hypothesis  we  are  combating  be 
admitted — if  the  father  bestows  the  nervous  system — 
how  are  we  to  explain  the  notorious  inferiority  of  the 
cliildren  of  great  men  ?  There  is  considerable  exagge- 
ration afloat  on  this  matter,  and  able  men  have  been 
called  nullities  because  they  have  not  manifested  the 
great  talents  of  their  fathers  ;  but  allowing  for  all  over- 
statement, the  palpable  fact  of  the  inferiority  of  some 
sons  to  their  fathers  is  beyond  dispute,  and  has  helped 
to  foster  the  idea  of  all  great  men  owing  their  genius  to 
their  mothers :  an  idea  which  will  not  bear  confronta- 
tion with  the  facts.  Many  men  of  genius  have  had 
remarkable  mothers  ;  and  that  one  such  instance  could 
be  cited  is  sufl&cient  to  prove  the  error  both  of  the 
hypothesis  which  refers  the  nervous  system  to  paternal 
influence,  and  of  the  hypothesis  which  only  refers  the 
preponderance  to  the  paternal  influence.  If  the  male 
preponderates,  how  is  it  that  Pericles,  who  "  carried  the 


*  De  la  OSnSraC'ion,  p.  113. 
VOL.  II.  2  G 


402    THE  QUALITIES  WE  INHERIT  FROM  OUR  PARENTS. 

weapons  of  Zeus  upon  Ms  tongue/'  produced  nothing 
better  than  a  Paraks  and  a  Xanthippus  ?  How  came 
the  infamous  Lysimachus  from  the  austere  Aristides  ? 
How  was  the  weighty  intellect  of  Thucydides  left  to  be 
represented  by  an  idiotic  MUesias,  and  a  stupid  Ste- 
phanus  ?  Where  was  the  great  soul  of  Oliver  Crom- 
well in  his  son  Richard  ?  Who  were  the  inheritors  of 
Henry  IV.  and  Peter  the  Great  ?  What  were  Shake- 
speare's children,  and  Milton's  daughters  ?  Wliat  was 
Addison's  only  son  ?  an  idiot.  Unless  the  mother  pre- 
ponderated in  these  and  similar  instances,  we  are  with- 
out an  explanation ;  for  it  being  proved  as  a  law  of 
heritage,  that  the  individual  does  transmit  his  quali- 
ties to  his  offspring,  it  is  only  on  the  supposition  of 
both  individuals  transmitting  their  organisations,  and 
the  one  modifying  the  other,  that  such  anomalies  are 
conceivable.  When  the  paternal  influence  is  not  coun- 
teracted, we  see  it  transmitted.  Hence  the  common 
remark,  "talent  runs  in  families."  The  proverbial 
phrases,  "  I'esprit  des  Mortemarts,"  and  the  "  wit  of  the 
Sheridans,"  imply  this  transmission  from  father  to 
son.  Bernardo  Tasso  was  a  considerable  poet,  and  his 
son  Torquato  inherited  his  faculties  heightened  by  the 
influence  of  the  mother.  The  two  Herschels,  the  two 
Colemans,  the  Kemble  famUy,  and  the  Coleridges,  will 
at  once  occur  to  the  reader ;  but  the  most  striking  ex- 
ample known  to  us  is  that  of  the  family  which  boasted 
Jean  Sebastian  Bach  as  the  culminating  illustration  of 
a  musical  genius,  which,  more  or  less,  was  distributed 
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over  three  hundred  Bachs,  the  children  of  very  vari- 
ous mothers. 

Here  a  sceptical  reader  may  be  tempted  to  ask,  how  a 
man  of  genius  is  ever  produced,  if  the  child  is  always 
the  repetition  of  his  parents  ?  How  can  two  parents 
of  ordinary  capacity  produce  a  child  of  extraordinary 
power  ?  The  answer  must  be  postponed  until  we  come 
to  treat  of  secondary  influences.  For  the  present,  we 
content  ourselves  with  insisting  on  the  conclusion  to 
which  the  foregoing  survey  of  facts  has  led,  namely, 
that  loth  parents  are  always  represented  in  the  off- 
spring ;  and  although  the  male  influence  is  sometimes 
seen  to  preponderate  in  one  direction,  and  the  female 
influence  in  another,  yet  this  direction  is  by  no  means 
constant,  is  often  reversed,  and  admits  of  no  absolute 
reduction  to  a  known  formula.  We  cannot  say  abso- 
lutely, "  the  male  gives  such  organs  we  cannot  even 
say,  "  the  male  always  preponderates  in  such  or  such  a 
direction."  Both  give  all  organs  ;  sometimes  one  pre- 
ponderates, sometimes  the  other.  In  one  family  we  see 
children  resembling  the  father,  children  resembling  the 
mother,  and  children  resembling  both. 

This  is  the  conclusion  inBvitable  on  a  wide  survey  of 
the  facts.  It  is  equally  inevitable  a  priori,  if  we  take 
our  stand  upon  the  evidence  of  embryology  ;  and  as 
some  readers  prefer  logical  deductions  to  any  massive 
accumulation  of  facts,  we  wiU  ask  them  to  consider  the 
question  from  this  point  of  view.  Eeproduction,  in 
the  vegetable  and  animal  kingdoms,  is  known  to  natu- 
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ralists  under  three  forms.    In  the  first,  a  single  cell 
spontaneously  divides  itself  into  two  cells.    Here  it  is 
quite  clear  that  the  child  reproduces  the  totality  of  the 
parent.    In  the  second  form,  the  process  called  "  bud- 
ding" takes  place :  the  child  here  grows  out  of  the 
substance  of  the  parent,  until  its  development  is  com- 
pleted, and  then  it  separates  itself  from  the  parent  to 
live  a  free  life.    Here  also  the  parent  is  reproduced  in 
its  totahty.    In  the  third  form,  a  higher  complexity  of 
organisation  has  led  to  a  more  complex  and  more  spe- 
cial mode  of  reproduction  :  the  parent  gives  off  from 
its  own  substance,  by  what  may  be  also  considered  a 
"  budding  process,"  a  mass  of  cells,  which  as  pollen 
and  ovule,  as  sperm-cells  and  germ-cells,  unite  to  de- 
velop into  plants  or  animals.   Here,  again,  there  ought 
to  be  no  doubt  that  the  parents  are  reproduced ;  their 
offspring  truly  may  be  called  "  their  own  flesh  and 
blood."    Nor  would  the  doubt  have  ever  arisen,  had 
not  the  great  complexity  of  the  organisms  admitted  the 
intervention  of  the  Law  of  Variations,  to  which  all 
dissemblances  are  due.    But  however  such  interven- 
tions may  baffle  our  inquiries,  the  mind  recognises  at 
once  the  truth  of  the  proposition  that  sperm-cell  and 
germ-cell  are  as  much  to  be  regarded  in  the  light  of 
reproductions  of  the  parents,  as  the  cells  produced  by 
spontaneous  division  are  to  be  regarded  in  the  light  of 
repetitions  of  the  parent-cell. 

It  is  now  time  that  we  should  direct  our  attention  to 
some  of  the  perturbing  causes  which  mask  the  laws  of 
transmission  from  our  perfect  apprehension.  Wliile 
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proclaiming  as  absolute  tlie  law  of  individual  trans- 
mission, while  proclaiming  that  the  parents  are  always 
reproduced  in  the  offspring,  we  are  met  by  the  obvious 
fact  of  the  offspring  often  exhibiting  so  marked  a  de- 
parture from  their  parents,  being  so  different  in  form 
and  cUsposition,  that  the  law  seems  at  fault.    We  may 
point  to  the  fact  of  a  genius  suddenly  starting  up  in  an 
orcUnary  family,  or  to  a  thousand  illustrative  examples 
in  which  the  law  of  individual  transmission  seems  at 
fault.    To  explain  these  would  be  to  have  mastered  the 
whole  mystery  of  heritage  ;  all  that  we  can  do  is  to 
mention  some  of  the  known  perturbing  influences. 

Sir  Everard  Home  mentions  a  striking  case,  which 
has  become  celebrated,  of  a  thorough-bred  English 
mare,  who,  in  the  year  1816,  had  a  mule  by  a  quagga 
—the  mule  bearing  the  unmistakable  quagga  marks. 
In  the  years  1817,  1818,  and  1823,  this  mare  again 
foaled,  and  although  she  had  not  seen  the  quagga  since 
1816,  her  three  foals  were  all  marked  with  the  ciurious 
quagga  marks.    Nor  is  this  by  any  means  an  isolated 
case.    Meckel  observed  similar  results  in  the  crossing 
of  a  wild  boar  with  a  domestic  sow  ;  in  the  first  litter 
several  had  the  brown  bristles  of  the  father  ;  and  in 
each  of  the  sow's  subsequent  litters  by  domestic  boars, 
some  of  the  young  ones  were  easily  distinguished  by 
their  resemblance  to  the  wild  boar.    Mr  Orton  verified 
this  fact  in  the  cases  of  dogs,  pigs,  and  poultry. 

Besides  this  very  remarkable  perturbing  influence, 
we  must  also  consider  the  phenomenon  of  atavism,  or 
ancestral  influence,  in  which  the  child  manifests  strik- 
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ing  resemblance  to  the  grandfather  or  grandmother, 
and  not  to  the  father  or  mother.    The  fact  is  familiar 
enough  to  dispense  with  our  citing  examples.    How  is 
it  to  be  explained  ?    It  is  to  be  explained  on  the  sup- 
position that  the  qualities  were  transmitted  from  the 
grandfather  to  the  father,  in  whom  they  were  masked 
by  the  presence  of  some  antagonistic  or  controlling  in- 
fluence, and  thence  transmitted  to  the  son,  in  whom, 
the  antagonistic  influence  being  withdrawn,  they  mani- 
fested themselves.    A  man  has  a  remarkable  aptitude 
for  music ;  but  the  influence  of  his  wife  is  such  that 
their  children,  inheriting  her  imperfect  ear,  manifest 
no  musical  talent  whatever.    These  children,  however, 
have  inherited  the  disposition  of  their  father,  in  spite 
of  its  non-manifestation  ;  and  if,  when  they  transmit 
what  in  them  is  latent,  the  influence  of  their  wives  is 
favourable,  the  grandchildren  may  turn  out  to  be  musi- 
cally-gifted.   In  the  same  way  Consumption  or  Insan- 
ity seems  to  lie  dormant  for  a  generation,  and  in  the 
next  flashes  out  with  the  same  fury  as  of  old.  Atav- 
ism is  thus  a  phenomenon  always  to  be  borne  in  mind 
as  one  of  the  many  complications  of  the  complex  pro- 
blem. 

A  third  cause  of  complication  is  one  which  we  pro- 
pose to  call  "the  potency  of  the  individual."  Both 
father  and  mother  transmit  their  organisations,  but 
they  do  so  in  unequal  degrees  :  the  more  potent  pre- 
dominates ;  just  as  if  you  mix  brandy  with  equal 
amounts  of  water,  soda-water,  and  ginger-beer,  the  taste 
of  the  brandy  will  predominate  more  in  the  water  than 
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in  the  soda-water,  more  in  the  soda-water  than  in  the 
o-inger-beer. 

According  to  Eush  (quoted  by  Lucas),  the  Danes,  in- 
termarrying with  women  of  the  East,  always  produce 
children  resembling  the  European  type  ;  but  the  con- 
verse does  not  hold  good  when  Danish  women  inter- 
marry with  the  men  of  the  East.    Klaprotli  observes 
the  same  in  the  mingling  of  the  Caucasian  and  Mongo- 
lian races.    Girou,  after  five-and-twenty  years'  experi- 
ence in  the  breeding  of  sheep,  fomid  this  "  potency " 
destroy  his  calculations.    He  fancied  that,  by  means 
of  his  Eoussillon  sheep  and  the  Merino  rams,  he  could 
sooner  anive  at  the  fineness  of  wool  which  distinguishes 
the  Merino,  than  if  he  coupled  the  Aveyron  sheep  with 
the  Merino  rams  ;  but  he  found  that  the  Roussillon  type 
resisted  the  Merino  so  energetically  that,  after  a  quar- 
ter of  a  century  of  successive  crossings,  it  still  reap- 
peared, whereas  the  Aveyron  sheep  had  long  ceased 
to  be  distinffuishable  from  the  Merinos.    The  same 
potency  of  particular  species  is  noticeable  in  plants. 
Koelreuter  is  quoted  by  Burdach  as  having  fecundated 
the  Nicotiana  panicidata  with  the  pollen  of  N.  rus- 
tica  ;  and  the  hybrids  thus  produced  were  fecundated 
with  the  poUen  of  N.  paniculata,  but  the  plants  re- 
sembled the  JSf.  rustica.   On  reversing  this  experiment, 
he  still  found  the  female  N.  rustica  to  have  the  prepon- 
derance ;  so  that,  cross  the  species  how  he  would,  the 
iV.  rustica  showed  most  potency. 

But  although  we  thus  see  that  Race  has  a  marked 
preponderance,  we  must  also  remember  that  it  is  sub- 
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ject  to  the  individual  variations  of  vigour,  health,  age, 
&c.  Girou  sums  up  his  observations  with  this  general 
remark :  the  offspring  of  an  old  male  and  a  young 
female  resembles  the  father  less  than  the  mother  in 
proportion  as  the  mother  is  more  vigorous  and  the 
father  more  decrepit ;  the  reverse  is  true  of  the  off- 
spring of  an  old  female  and  a  young  male.  In  fact,  if 
we  consider  that  the  offspring  reproduces  the  organisa- 
tion of  its  parents,  and,  consequently,  the  organisation 
of  that  particular  period,  we  see  at  once  that  age, 
health,  and  general  potency  of  organisation,  must  be 
taken  into  the  account  of  complicating  causes.  This 
also  will  help  to  explain— but  not  wholly  explain— the 
great  differences  observable  in  the  same  family  :  differ- 
ences of  sex,  of  strength,  and  appearance.  At  present, 
however,  science  can  only  take  note  of  it  as  a  "per- 
turbing influence." 

Eeviewing  the  evidence  which  has  been  adduced,  we 
find  it  establishing  the  following  important  positions. 
We  inherit  from  our  parents  the  general  form  and  feat- 
ures, the  bony,  muscular,  nervous,  and  glandular  struc- 
tures :  there  is  no  absolute  constancy  in  the  trans- 
mission of  any  one  part  of  the  organisation  ;  but  just 
as  the  features  may  be  curiously  compounded  of  the 
features  of  both  parents,  or  the  eyes  and  mouth  may 
resemble  those  of  the  mother,  while  the  chin,  nose,  and 
brow  resemble  those  of  the  father ;  so  may  the  various 
parts  of  the  body  be  a  compound  of  the  organs  of  both 
parents,  or  a  cUstrihdio7i  of  the  organs  of  both  parents. 
With  this  inheritance  of  the  general  organisation,  we 
necessarily  inherit  its  tendencies.   We  inherit  the  tem- 
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perameut,  the  longevity,  the  strength,  the  suscei^tibility 
of  one  or  both  jDarents.  We  inherit  the  tendency  to 
scrofula,  epilejDsy,  or  mania.  We  inherit  the  nervous 
system,  no  less  than  the  muscular  and  bony  ;  and  with 
the  nervous  system,  we  inherit  its  general  and  particular 
characters — that  is  to  say,  the  general  sensibility  of  the 
system,  and  the  conformation  of  the  brain  and  sensory 
ganglia,  are  as  much  subject  to  the  law  of  transmission 
as  the  size  and  conformation  of  the  bony  and  muscular 
structm-es  are.  This  being  so,  it  is  evident  that  all  those 
tendencies  which  depend  on  the  nervous  system  will 
likewise  be  inherited  ;  and  even  special  aptitudes,  such 
as  those  for  music,  mathematics,  wit,  and  so  on,  will  be 
inherited;  nay,  even  acquired  tendencies,  and  tricks  of 
gestiu'e,  will  be  inherited.  But  this  inheritance  is  in 
each  case  subject  to  the  influence  exercised  by  the  other 
parent ;  and  very  often  this  influence  is  such  as  to 
modify,  to  mask,  or  even  to  entirely  suppress  the  mani- 
festation. A  man  of  highly  susceptible  nervous  organ- 
isation, a  man  of  genius,  marries  a  woman  of  powerful 
organisation,  but  of  rather  inferior  brain  :  the  influence 
of  the  mother  is  such,  that  the  child  turns  out  perhaps 
irritable,  nervous,  but  intellectually  feeble ;  or  healthy, 
vigorous,  and  commonplace ;  or  even  stupid,  and,  it  may 
be,  idiotic.  Or  both  parents  may  be  remarkable  for 
intellect,  yet  because  their  nervous  systems  have  been 
developed  at  the  expense  of  their  nutritive  systems,  their 
child  may  be  susceptible,  but  puny  and  feeble. 

Without  presuming  to  fix  the  limits  of  inheritance, 
I  must  confess  that  I  cannot  extend  them  so  far  as  some 
writers  seem  disposed  to  extend  them.    F.  Cuvier,  for 


410    TH£  QUALITIES  WE  INHERIT  FKOM  OUR  PARENTS. 

instance,  says  that  young  foxes,  in  countries  where  traps 
are  laid,  are  less  easily  caught  than  young  foxes  else- 
where :  this  may  be  strictly  true,  but  I  cannot  regard 
this  as  evidence  that  the  foxes  have  inherited  greater 
wariness  in  regard  to  traps.  It  is  possible  that  they 
may  inherit  a  greater  susceptibility  to  fear  of  all  objects, 
if  fear  has  been  more  active  in  their  ancestors  ;  because 
this  will  depend  upon  the  general  susceptibiHty  of  the 
nervous  system  having  been  heightened  ;  but  to  suppose 
that  young  foxes  inherit  any  particular  fear  of  traps,  is 
to  believe  in  the  existence  of  innate  ideas.  It  is  con- 
ceivable that  a  devout  tendency  may  be  inherited  from 
parents  in  whom,  devotion  was  a  very  eminent  quaUty ; 
because  it  is  conceivable  that  a  peculiarity  of  organisa- 
tion may  have  been  inherited,  which  would  impress  this 
tendency  on  the  mind  of  the  chUd  ;  but  we  cannot  con- 
ceive anything  so_  specific  as  the  worship  of  the  Virgiu 
to  be  inherited,  even  after  centuries  of  devotion. 

There  are  many  other  topics  connected  with  this 
subject  of  inheritance,*  but  our  space  will  only  admit 
of  one  more  being  touched  on,  and  that  is  the  question 
of  whether  it  is  morally  justifiable  to  consent  to  a  mar- 
riage when  one  of  the  lovers  has  the  "  taint"  of  insanity 
or  consumption, — either  directly  manifested,  or  only 
suspected  to  exist  because  it  has  been  manifested  in  the 
family.  I  believe  it  to  be  as  certain  that  the  tendency 
tp  insanity,  scrofula,  or  consumption  is  transmitted  from 
parent  to  child  as  that  any  other  peculiarity  is  trans- 

*  In  Herbert  Spencer's  Principles  of  Psychology  will  be  found 
numerous  applications  of  tlie  law  of  inheritance,  especially  as  regards 
the  Moral  Sense  and  intellec<?ual  progress. 
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mitted  :  if  we  expect  a  Eoman-nosed  father  to  trans- 
mit that  form  of  feature  to  his  son,  we  must  also  expect 
him  to  transmit  the  "  taint "  of  insanity,  or  scrofula. 
If  this  were  the  whole  case,  the  moral  rule  would  be 
clear,  and  marriage  would  be  imperiously  forbidden. 
But  certain  as  the  law  is,  it  is  not  single.  There  is 
another  law  equally  valid.  The  child  of  the  Eoman- 
nosed  father  is  just  as  likely  to  be  born  with  a  nose  not 
at  all  or  very  slightly  aquiline,  inheriting  from  his 
mother  as  luell  as  from  his  father  ;  the  child  of  the 
tainted  father  is  just  as  likely  to  be  born  with  a  very 
slight  taint,  or  none  that  is  appreciable.  We  see  this 
constantly  in  families  :  one  parent  is  carried  oflf  by  con- 
smnption  ;  two  or  three  of  the  children  likewise  perish ; 
one  or  two  are  merely  delicate  ;  the  rest  seem  as  vig- 
orous as  other  people.  If  this  is  true  in  cases  where 
one  parent  is  manifestly  and  fatally  affected,  how  much 
more  must  it  be  so  in  cases  where  the  parent  is  only 
liable  to  the  possibility  of  being  affected,  because  the 
disease  is  in  the  family  ?  All  that  we  can  say  is  that 
there  is  a  great  risk.  Much  will  depend  on  the  consti- 
tution of  the  untainted  parent.  A  man  with  tubercles 
already  formed  may  marry  a  woman  who  shaU  bear  him 
numerous  children,  all  perfectly  healthy  ;  whereas  the 
same  man  may  marry  another  woman  whose  children 
would  all  be  doomed.  Each  individual  case  would  re- 
quire a  deliberate  survey  of  aU  the  conditions  before 
a  reasonable  judgment  could  be  offered  ;  no  absolute 
rule  can  be  laid  down,  because  none  will  fit  the  com- 
plexity of  the  cases. 
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LIFE    AND  DEATH. 

Tlie  mystery  of  Life— Suspended  animation — Is  there  a  Vital  Prin- 
ciple ?— Examination  of  the  arguments  in  favour  of  it — Does  Life 
control  chemical  afianities  ?— Does  Life  precede  Organisation  ?— Life 
an  aggregate  unity— What  is  Life  ?— Definitions  which  have  been 
attempted— Cell-life— Life  of  the  parts  and  life  of  the  whole— The 
three  laws  of  Life— Vegetal  and  Animal  Life— Criticism  of  Bichat : 
Vegetal  organs,  double  and  symmetrical ;  the  law  of  intermittence 
not  confined  to  animal  functions— Life  ia  relation  to  the  external 
medium— Duration  of  life — The  four  Ages— Longevity—  Old  Age- 
Death  the  inevitable  residue  of  Life — Death  of  the  parts— Death  of 
the  organism— Apparent  Death— Signs  of  Death. 

Life  and  Death  are  familiar  mysteries.  Nothing  can 
be  more  familiar  to  our  minds  :  of  nothing;  do  we 
know  less.  The  man  whom  we  loved  and  honoured, 
who  an  hour  ago  was  full  of  energy,  affection,  hope, 
and  endeavour,  is  now  lying  an  inert  mass  before  us, 
insensible,  inanimate.  What  has  made  this  difference  ? 
The  form  remains,  and,  but  for  the  paleness  of  the 
face,  we  might  suppose  him  sleeping  placidly.  Yet 
Life  has  vanished,  and 

"  All  that  mighty  heart  is  lying  still." 
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What  is  it  that  has  vanished?  Whence  comes  this 
terrible  stillness  ? 

The  grains  of  wheat  found  in  Egyptian  tombs,  on 
being  planted  in  the  soH  of  France,  grew  into  waving 
corn.  For  thi-ee  thousand  years  these  grains  had  been 
without  Life,  yet  we  cannot  say  they  were  dead  ;  they 
were  organic  seeds,  products  of  Life,  and  had  them- 
selves once  lived :  they  were  developed  from  cells  into 
seeds,  and  at  this  point  in  their  development  their  vital 
activity  was  arrested,  because  the  necessary  heat,  light, 
and  soil  were  wanting  ;  but  no  sooner  were  these  sup- 
plied, than  the  arrested  activity  was  once  more  set 
free — the  seed  became  a  plant. 

The  microscopic  animals  known  as  Eotifers  become, 
to  all  appearance,  dead,  when  the  water  of  the  moss  in 
which  they  live  is  evaporated ;  and  in  this  state  of  sus- 
pended animation  they  may  remain  for  years,  recovering 
their  energy  on  the  addition  of  a  little  water  ;  they  may 
be  dried  and  revived  fifteen  times  in  succession ;  but  they 
are  not  dead  in  these  cases,  and  they  do  not  decompose. 
Frogs  and  toads,  especially  the  latter,  when  subjected 
to  the  action  of  intense  cold,  may  be  perfectly /ro^ew, 
all  their  fluids  becoming  congealed,  all  their  tissues 
rioid.  Yet  these  animals  are  not  dead.  Let  heat  be 
cautiously  applied,  and  the  congelation  ceases  :  in  eight 
minutes,  life  is  once  more  in  full  activity.* 

*  The  auttorities  for  these  statements  are  Geoffbot  St  Hilaire, 
Leeuwenhoek,  Spallanzani,  Isidore  St  Hilaiee,  and  Doemril. 
For  that  relating  to  the  toads,  see  Comptes  Rendus,  vi.  538,  and  Annales 
dei  Sciences.  1852,  xvii.  10.    Compare  also  the  same  work,  1858,  x.  335. 
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In  all  these  cases  it  is  clear  that  the  various  pheno- 
mena grouped  under  the  term  Life  are  entirely  absent ; 
they  would  never  manifest  themselves,  unless  the  pecu- 
liar conditions  necessary  for  their  manifestation  were 
supplied.  The  three  thousand  years  would,  for  the 
Egyptian  grain,  stretch  to  an  eternity.  The  organism 
in  this  state  of  suspended  animation  is  not  destroyed  ; 
it  is  like  a  watch  that  has  run  down  :  imtil  it  be  again 
wound  up,  its  delicate  mechanism  will  remain  sUent 
and  inactive.  But  once  set  one  part  of  this  mechanism 
going,  and  all  are  set  going.  Death  is  not  the  un- 
wound watch,  but  the  watch  with  its  mainspring 
broken. 

These  analogies  naturally  raise  tlie  question,  Is  there 
in  organic  beings  anything  strictly  analogous  to  the 
mainspring  of  a  watch  ?  Can  we  suppose  the  exist- 
ence of  some  vital  centre  from  which  all  vital  actions 
issue  ? 

Nothing  was  easier  for  the  early  physiologists  than 
to  answer  this  important  question.  They  assumed  the 
existence  of  two  distinct  things — dead  matter,  and  a 
living  entity.  Life,  they  said,  was  an  entity,  a  prin- 
ciple essentially  distinct  from  matter,  inhabiting  the 
body,  which  was  composed  of  dead  matter,  as  living 
men  inhabit  dead  houses.  If  this  principle  quitted 
the  body,  the  result  was  Death.  If  it  remained  in  the 
body,  but  wholly  inactive,  as  in  swooning,  it  was  said 
to  be  "  suspended.'-"  The  Vital  Principle  animated, 
directed,  formed  the  body,  preserved  it  from  the  effects 
of  chemical  action,  and  on  quitting  it,  left  it  a  prey  to 
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this  destructive  action,  which  was  manifested  by  disso- 
lution. 

This  is,  in  brief,  the  hypothesis  of  a  Vital  Principle, 
which  was  dominant  for  many  centuries,  and  is  now 
rejected  by  all,  except  a  few  metaphysicians  and  meta- 
physiologists.  It  has  fallen  into  complete  discredit, 
since  men  have  learned  that,  besides  being  in  opposition 
with  all  the  teachings  of  Science,  it  is  really  nothing 
more  than  a  substitution  of  words  for  ideas,  and  while 
seeming  to  explain  the  phenomena,  it  only  gives  a  ver- 
bal explanation  which  leaves  the  problem  unsolved. 
The  same  remark  is  true,  although  to  a  less  extent,  of 
the  modern  doctrine  of  a  Vital  Force,  or  Vital  Forces. 
So  long  as  vital  force  merely  indicates  the  dynamical 
condition  of  the  organism,  the  phrase  is  unobjection- 
able ;  and  if  the  vital  forces  are  taken  as  the  abstract, 
of  which  the  vital  phenomena  are  the  concrete,  we  may 
use  the  term  as  freely  as  we  use  the  terms  "  mechanical 
force,"  "  locomotive  power,''  and  the  like.  But  when 
the  abstract  term  misleads  us  into  a  belief  in  there 
being  a  concrete  existence  corresponding  with  the  ab- 
straction— when  we  suppose  that  there  are  vital /orces 
independent  of,  and  controlling,  the  sum  of  material 
conditions  present — it  is  as  if  we  imagined  a  watch- 
principle  tm-ning  the  hands  on  the  dial-plate,  or  a 
moving -principle  driving  the  engine,  irrespective  of 
coal  burned  and' water  expanded.  To  conceive  the 
organism  in  action,  and  to  call  its  activities  by  the 
name  of  vital  forces,  is  one  thing;  to  conceive  that 
these  activities  are  anything  more  than  dynamic  states 
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of  tlie  organism  is  another.  The  one  conception  is 
physiological,  the  other  is  mefaphysiological. 

Chemists  have  analysed  organic  substances,  taken 
them  to  pieces,  and  in  some  cases  have  been  able  to 
mahe  organic  substances — putting  together  the  sort 
of  pieces  they  have  found  in  such  substances.  They 
have  not,  indeed,  been  able  to  make  any  of  the  higher 
organic  substances,  such  as  albumen  ;  but  they  can 
very  accurately  immake  them.    In  all  their  researches 
no  one  has  ever  discovered  anything  which  could  be 
called  specially  organic — that  is  to  say,  formed  of  ele- 
ments not  found  in  inorganic  bodies.    No  one  has  ever 
found  that  the  elements  of  organic  bodies  differed, 
when  separated,  from  those  same  elements  in  inorganic 
bodies ;  and  the  inevitable  conclusion  has  been,  that 
since  organic  bodies  do  not  differ  from  the  inorganic 
in  their  elements,  but  only  in  the  arrangement  and 
combination  of  these  elements,  the  phenomena  specially 
manifested  by  organic  bodies  must  be  due  to  this  spe- 
ciality of  arrangement.    There  can  be  no  such  thing  as 
matter  essentially  dead ;  there  can  be  no  such  thing  as 
matter  essentially  living.    That  which  to-day  we  class 
as  dead,  will  to-morrow  be  classed  as  living,  and  that 
which  is  living  to-day  will  be  dead  to-morrow.  Living 
and  dead  are  terms  which  indicate  certain  groups  of 
phenomena;  and  these  phenomena  are  dependent  on 
certain  groups  of  conditions.    The  phenomena  mani- 
fested by  sulphuric  acid  are  exceedingly  unlike  those 
manifested  by  the  sulphur  and  the  oxygen  of  which  it 
is  composed;  in  like  manner,  the  phenomena  manifested 
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by  the  excessively  complex  structures,  named  organic, 
are  exceedingly  unlike  the  phenomena  manifested  by 
the  separate  substances  composing  them. 

It  is  true  that  if  there  tuere  a  Vital  Principle,  or  an 
independent  Vital  Force,  its  presence  might  be  the 
cause  of  this  very  difference  in  the  conditions  which, 
we  have  said,  determines  the  peculiarity  of  vital  pheno- 
mena. But  we  must  never  gratuitously  multiply  ex- 
istences, we  must  never  assume  that  which  is  incapable 
of  proof.  A  Vital  Principle  is  incapable  of  proof  ;  if 
it  exist,  we  cannot  know  it ;  and  unless  its  existence 
can  be  proved,  it  is  to  us  a  mere  phrase  concealing  om^ 
ig-norance.  Phrases  serve  to  build  systems,  but  they 
hamper  the  progress  of  knowledge.  ' 

There  are  only  three  arguments  in  favour  of  a  Vital 
Principle  which  we  need  consider  here  :  these  are,  first, 
that  Life  controls  chemical  afl&nities  ;  second,  that 
Life  23'>'scs<^^s  Organisation,  and  cannot  therefore  be 
a  result  of  Organisation  ;  third,  that  Life  is  a  presiding 
unity. 

Does  Life  control  Chemical  Affinities? — The  obvious 
fact,  that  no  sooner  is  life  extinct  than  the  body  passes 
into  corruption,  its  particles  yielding  to  the  action  of 
chemical  aflSnities,  whereas,  as  long  as  vitality  remains, 
the  body  retains  its  form,  and  does  not  seem  to  yield 
to  the  destructive  action  of  chemical  agencies,  early  led 
men  to  conceive  that  there  was  some  mysterious  prin- 
ciple controlling  chemical  action  in  the  vital  organism. 
And  a  striking  confirmation  of  this  idea  seemed  fur- 
nished by  the  fact  that  the  gastric  juice  eats  away  the 
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coats  of  the  dead  stomach,  but  leaves  the  living  stomach 
unaffected.    When,  however,  we  examine  closely  these 
two  points,  we  find  that  an  entire  misconception  lies  at 
the  bottom  of  the  hypothesis.  Instead  of  chemical  affin- 
ities being  controlled  by  vitality,  there  is  no  vitalaction 
possible  without  the  incessant  and  complicated  action  of 
chemical  affiinities — all  the  molecular  changes  of  com- 
position and  decomposition  occurring  in  the  Kving  body 
— all  nutrition,  secretion,  and  motion,  depend  on  chemi- 
cal actions.    If  the  oxygen  of  the  atmosphere  destroys 
the  dead  tissues,  not  less  energetically  does  it  destroy 
the  living  tissues ;  but  the  destruction  of  the  dead  tissue 
is  not  replaced  by  the  reproduction  of  fresh  tissue,  as 
iu  the  living  organism.    I  have  already  had  occasion 
to  explain  why  the  living  stomach  is  not  destroyed  by 
the  gastric  juice.  *    No  sooner  do  we  admit  that  all 
chemical  affinities  are  not  controlled  by  vital  laws,  no 
sooner  are  we  aware  that  chemical  actions  incessantly 
take  place  in  the  living  organism,  and  these  actions  are 
dependent  on  precisely  the  same  affinities  as  those  ex- 
hibited out  of  the  organism,  than  it  becomes  clear  that 
if  any  chemical  actions  are  prevented  from  taking  place 
in  the  organism,  it  is  because  the  proper  conditions  for 
such  actions  are  not  present.  No  phenomenon,  chemical 
or  vital,  can  take  place  unless  it  be  under  the  condi- 

*  See  the  chapter  on  Digestion  and  Indigestio^j,  vol.  i.  p.  216  et 
seq.  Doubts  have  been  tlu-own  on  the  explanation  there  given.  It  is 
urged  that  the  presence  of  mucus  is  the  cause  of  the  gastric  juice  being 
inoperative.  If  this  be  so,  my  argument  remains  just  as  strong— since 
the  mucus,  and  not  a  vital  principle,  prosei-ves  the  stomach. 
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tions  -n-liich  permit  its  manifestation.  Wet  gunpow- 
der will  not  explode.  Water  will  not  solidify  above  a 
temperatm-e  of  32°.  Chlorine  will  not  unite  with 
Hydrogen  in  the  dark  ;  yet  in  the  sunlight  their  affin- 
ity is  so  strong  that  they  unite  with  an  explosion.  A 
certain  range  of  temperature  is  necessary  for  all  chemi- 
cal actions  ;  and  those  combinations  which  take  place 
at  the  ordinary  temperatures  of  the  air  may  be  entii-ely 
prevented  by  cold.  If,  therefore,  many  chemical  phe- 
nomena take  place  in  the  living  organism  which  are 
not  observable  elsewhere,  it  is  because  the  conditions 
are  diflerent.  And  as  for  the  oft- cited  resistance  to 
decomposition  which  the  Vital  Principle  is  said  to 
effect,  not  only  is  the  ftict  quite  otherwise,  not  only  is 
decomposition  incessantly  going  on  in  the  living  or- 
ganism ;  but  if  the  fact  were  as  stated,  it  could  be 
met  by  the  fact  that  an  infinitely  better  preservative 
against  decomposition  is  found  in  Alcohol,  Glycerine,  or 
Chromic  acid. 

Does  Life  precede  Organisation  ? — There  is  an  un- 
fortunate ambiguity  in  the  word  Organisation,  which 
renders  it  very  plausible  to  say  that  Organisation  is 
produced  by  Life,  and  does  not  produce  it.  Men  point 
to  the  fact  of  the  living  germ,  which  is  only  a  cell,  or  a 
mass  of  cells,  and  they  say,  Here  is  Life,  but  the  organs 
are  not  yet  formed.  They  point  also  to  a  dead  body, 
and  say,  Here  is  Organisation ;  no  lesion  has  taken 
place  ;  every  organ,  every  tissue  remains  intact,  yet 
Life  is  gone.  There  was  a  time  when  this  reasoning 
seemed  to  me  conclusive ;  and  so  long  as  we  understand 


420 


LIFE  AND  DEATH. 


by  an  organism  a  collection  of  organs,  the  knowledge 
of  the  existence  of  many  plants  and  animals,  and  of  all 
embryos  in  their  earliest  state,  which  have  no  "  organs" 
at  all,  makes  it  impossible  to  reject  the  conclusion ; 
equally  impossible  is  it,  when  we  conceive  the  organism 
as  meaning  solely  the  solid  fabric,  and  not  also  the 
whole  sum  of  conditions  necessary  for  its  activity'.  If 
I  tie  an  artery,  I  do  not'  destroy  the  structure  of  the 
limb  to  which  it  is  distributed,  but  I  destroy  the  organic 
relations  of  the  several  elements — I  destroy  the  con- 
ditions necessary  to  the  vitality  of  that  limb.  If  I 
prevent  the  access  of  oxygen  to  the  blood,  I  do  not 
destroy  the  fabric  of  the  body,  but  I  disturb  the  con- 
ditions necessary  to  the  vital  activity  of  the  body,  as 
completely  as  I  destroy  the  conditions  necessary  to 
an  explosion  when  I  throw  water  on  gunpowder.  Re- 
curring to  the  old  analogy  of  a  watch,  when  the  chain 
has  run  down,  the  mechanism  is  as  perfect  as  ever,  but 
the  mechanical  relations  of  the  parts  are  disturbed,  and 
the  watch  is  still :  to  set  it  in  action  once  more,  we 
have  only  to  wind  it  up ;  that  is  to  say,  we  have  to 
restore  the  necessary  conditions  of  mechanical  relation. 

With  regard  to  Life  not  resulting  from  Organisation, 
this  position  rests  on  vague  conceptions  of  both  terms. 
Let  us  remember  that  Organisation  means  the  wliole 
sum  of  necessary  conditions,  no  less  than  the  organic 
fabric,  and  it  wUl  not  be  difficult  to  understand  that 
Life  is  proportional  to  Organisation.  The  life  of  a 
single  cell  is  the  sum-total  of  the  activities  of  that  cell, 
and  is  simple  in  proportion  as  the  Organisation  is 
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simple.  The  Life  of  a  liiglily-organised  animal  is  the 
sum-total  of  the  activities  of  all  the  forces  at  work,  and 
is  complex  in  proportion  to  the  complexity  of  the  or- 
ganism. Take  a  single  cell  which  is  manifesting  all  its 
vital  activity,  spread  it  out  into  a  layer,  and  although 
all  the  material  of  which  it  was  composed  remains  as 
before,  the  properties  which  belonged  to  it  as  a  cell — 
its  Life — can  no  more  be  manifested. 

And  this  leads  us  to  the  third  argument  in  favour  of 
a  Vital  Principle,  namely,  that  Life  is  a  presiding  unity. 
"  The  body  is  one ;  all  its  parts  are  subordinate ;  all 
are  bound  together  in  a  higher  unity.  Our  conscious- 
ness assm-es  us  that  our  Life  is  a  unity."  There  is  an 
important  fact  indicated  in  this  argument,  but  it  is 
misinterpreted.  There  is  unity — there  is  a  consensus 
of  the  whole  organism.  But  this  is  not,  I  conceive, 
attributable  to  a  Vital  Principle,  existing  independently 
of  the  organism ;  it  is  due  to  organic  subordination : 
all  the  parts  are  related ;  all  act  together  by  means  of 
the  nervous  system,  as  all  the  parts  of  an  army  act 
together  by  means  of  officers  and  discipline.  Where 
there  is  no  such  connection  of  parts,  there  can  be  no 
such  subordination  of  organs.  We  may  divide  a  Polype 
or  a  worm  into  several  pieces,  each  piece  continuing  to 
live  and  grow ;  but  we  cannot  suppose  that  in  such 
cases  we  have  cut  the  Vital  Principle  into  several  Prin- 
ciples. There  is,  as  we  shall  see  presently,  a  life  of  the 
parts,  and  a  life  of  the  whole  organism ;  each  micro- 
scopic cell  has  its  independent  existence,  runs  its  own 
career  from  birth  to  death ;  and  the  sum-total  of  such 
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lives  forms  what  we  call  the  Life  of  the  animal :  the 
unity  is  an  aggregate  of  forces,  not  one  presiding  force. 

I  have  dwelt  the  longer  on  this  topic,  because,  al- 
though the  hypothesis  of  a  Vital  Principle  has  fallen 
into  general  discredit,  the  metaphysical  attitude  of  mind 
which  is  implied  in  the  hypothesis,  is  still  unhappily 
too  common  among  physiologists;  and  as  it  is  the  pur- 
pose of  this  work  to  consider  Physiology  even  more 
with  reference  to  general  culture  than  as  a  branch  of 
special  science,  the  discussion  became  necessary.  Hav- 
ing lingered  thus  to  refute  the  hypothesis  of  a  Vital 
Principle,  I  may  be  asked  what  is  the  hypothesis  to 
replace  it  ?  Instead  of  an  hypothesis,  I  shall  propose 
a  description  of  vital  phenomena. 

It  is  surely  more  philosoj)hical  to  consider  Life  as 
an  ultimate  fact ;  one  of  the  great  revelations  of  the 
Unknowable  ;  one  of  the  many  mysteries  surrounding 
us.  Having  made  up  our  minds  on  this  point,  having 
resigned  ourselves  to  the  complete  relinquishment  of 
aU  hypothesis,  of  all  endeavours  to  penetrate  iato  the 
inscrutable,  we  cease  vexing  ourselves  with  the  arcana 
of  Nature,  and  try  to  ascertain  the  order  of  Nature. 
AYe  no  longer  set  up  fictions  of  our  imagination  in  the 
place  of  a  reverent  observation.  There  are  minds, 
indeed,  which  feel  distrust  at  such  resignation.  They 
seem  to  dread  lest  Life  should  be  robbed  of  its  solemn 
significance,  in  the  attempt  to  associate  it,  even  remotely, 
with  inorganic  phenomena.  But  this  fear  arises  fi'om 
narrow  views  of  Nature.  It  is  because  reverence  for 
Nature  has  not  been  duly  cultivated ;  because  famili- 
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arity  •vvitli  inorganic  phenomena  has  blunted  our  sense 
of  their  unspeakable  mystery.  Men  who  are  thrilled 
at  the  tokens  of  the  past  Ufe  of  man,  when  they  see, 
or  read  of,  buried  cities,  Palmyra,  Nineveh,  or  Yuca- 
tan, tremble  with  no  delicious  awe  at  the  tokens  of  the 
past  life  of  this  earth,  when  they  stand  in  a  quarry,  or 
ramble  through  a  geological  museum.  Yet  surely  the 
crystal  is  not  less  mysterious  than  the  plant ;  the  ebb 
and  flow  of  the  tides  not  less  solemn  than  the  beating 
of  the  human  heart  ?  And  if  patient  observation  and 
induction  have  enabled  us  to  trace  something  of  the 
order  of  Nature  in  crystallisation  and  the  tides,  with- 
out aid  from  the  metaphysicians,  they  may  also  enable 
us  to  understand  something  of  the  laws  of  Life. 

The  general  consent  of  mankind  has  consecrated  the 
identity  of  the  words  Life  and  Existence.  By  the  life 
of  an  animal  is  meant  the  existence  of  the  animal.  The 
particles  of  which  the  animal  is  composed  continue  to 
exist  after  its  death — that  is,  after  its  existence  as  an 
animal  has  ceased.  If,  then,  we  accept  this  general 
meaning,  and  say  that  Life,  in  its  abstract  sense,  is 
Existence,  we  shall  have  to  consider  all  the  various 
forms  of  life  presented  to  our  contemplation,  as  so 
many  modes  of  existence.  These  forms  often  closely 
resemble  each  other  ;  they  often  profoundly  differ. 
According  to  these  resemblances  and  differences,  we 
group  them  under  two  general  heads  :  Organic  Exist- 
ence, and  Inorganic  Existence.  The  mystery  which 
underlies  all  Existence  cannot  be  unveiled  by  us  ;  but 
it  is  not  ]ess  in  the  one  case  than  in  another ;  and 


424 


LIFE  AND  DEATH. 


although  custom  has  affixed  the  term  "living"  to  one 
great  group  of  existences,  this  new  term  does  not  intro 
duce  a  new  mystery,  nor  warrant  a  new  attitude  of  mind 
iu  studying  the  group.  All  we  are  entitled  to  say  is 
this — there  is  a  speciality  about  vital  phenomena,  aris- 
ing from  the  peculiarity  and  complexity  of  the  condi- 
tions which  determine  them  ;  and  this  speciality  must 
warn  us  against  reasoning  about  them  as  if  they  were 
not  special,  but  were  in  all  respects  like  inorganic 
phenomena;  this  speciality,  in  short,  suggests  the  neces- 
sity of  studying  them  in  themselves,  and  not  as  if  they 
belonged  to  the  general  phenomena  of  physics  and 
chemistry  ;  invaluable  as  the  knowledge  of  these  latter 
must  always  be  as  a  means  of  exploration. 

II.  Definition  of  Life. — It  would  certainly  be  a 
great  assistance  in  our  efforts  to  describe  vital  pheno- 
mena, if  we  could  fix  clearly  in  om-  minds  the  chief 
characteristics  which  distinguish  living  from  non-living 
bodies  ;  and  a  definition  of  Life  would  be  peculiarly 
acceptable.  The  attempt  has  been  repeatedly  made, 
but  never  with  entire  success. 

Aristotle  supposed  that  vital  actions  were  under  the 
dominion  of  several  Vital  Principles  (souls,  -v^u^a/,  he 
caUs  them),  each  distinct,  but  aU  subordinate  to  one 
supreme  Principle.  This  idea  reigned  many  centuries, 
and  was  revived  a  few  years  ago  by  Prout.  Kant 
defines  Life  "  an  internal  principle  of  action ; "  an 
organism  is  "  that  in  which  every  part  is  at  once  means 
and  end."    This  may  be  said  with  equal  truth  of  fer- 
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mentation.  Treviraniis  calls  life  "the  constant  uni- 
formity of  phenomena  under  diversity  of  external  influ- 
ences," which  may  be  equally  said  of  a  watch,  since  if 
the  external  influences  in  any  way  disturb  the  organism 
or  the  mechanism,  the  phenomena  cease  to  be  uniform. 
Bichat's  celebrated  definition,  "  Life  is  the  sum  of  the 
fimctions  by  which  death  is  resisted,"  is  only  another 
form  of  the  definition  proposed  by  Stahl,  and  is  every 
way  objectionable  ;  for,  on  the  one  hand,  it  is  a  para- 
phrase of  the  truism  that  life  is  the  means  by  which  we 
live  ;  and,  on  the  other  hand,  it  declares  that  there  is  a 
fatal  antagonism  in  external  agencies  ;  whereas  nothing 
is  more  certain  than  that  external  agencies  are  essential 
to  vital  phenomena :  as  we  saw  in  the  opening  para- 
graphs of  this  chapter.  Duges  calls  Life  "  the  special 
activity  of  organised  beings;"  and  Beclard  says,  "Life 
is  the  sui^  of  the  phenomena  proper  to  organised  beings. 
It  consists  essentially  in  this,  that  organised  beings  are 
all  during  a  certain  time  the  centres  to  which  foreign 
substances  penetrate  and  are  appropriated,  and  from 
which  others  issue."  De  Blainville's  definition,  adopted 
by  Auguste  Comte  and  Charles  Eobin,  runs  thus:  "Life 
is  the  twofold  internal  movement  of  composition  and 
decomposition  at  once  general  and  continuous  ; "  but 
this  only  applies  to  Nutrition,  and  does  not  embrace  all 
the  cardinal  phenomena  :  while  the  definition  proposed 
by  Herbert  Spencer,  namely,  "  Life  is  the  definite  com- 
bination of  heterogeneous  changes,  both  simultaneous 
and  successive  in  correspondence  with  external  co- 
existences and  sequences,"  has  the  disadvantage  of  not 
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being  perfectly  intelligible  apart  from  bis  explanation 
of  it  in  detail* 

Perhaps  the  most  intelligible  and  easily  remem- 
bered definition  would  be  this  :  "  Life  is  the  dynamic 
cal  condition  of  the  Organism."  This  embraces  every 
form  of  life,  from  that  of  the  simple  cell  to  that  of  the 
complex  mammal.  It  expresses  every  variation  in  the 
intensity  or  complexity  of  the  phenomena,  accordino-  to 
the  activity  or  complexity  of  the  organism  ;  and  their 
dependence  on  all  agencies,  external  and  internal. 
And  when  we  add  the  three  carduial  characteristics 
which  the  organism  everywhere  manifests,  Growth, 
Eeproduction,  and  Decay,  we  have  briefly  indicated 
all  that  specially  distinguishes  living  from  non-living 
things. 

III.  Cell-Life. — Since  the  researches  of  Schwami 
in  1839,  who  applied  to  animals  the  doctrine  of 
Schleiden  with  respect  to  plants.  Biology  has  un- 
dergone a  renovation  almost  .as  great  as  that  which 
Chemistry  underwent  after  the  labours  of  Lavoisier. 
The  last  twenty  years,  indeed,  will  be  known  in  his- 
tory as  the  cell-epoch,  so  manifold  have  been  the 
researches,  and  so  striking  the  results,  with  respect  to 
the  part  played  by  cells.  That  in  these  twenty  years 
the  original  positions  have  been  much  modified  will 

*  Aristotle:  I)eAnimd,\.  2;  Kant:  Krilikder  U'lUi^iUhraft,  Werke, 
iv.  260;  Treviranus  :  Biologie;  Bichat:  Redierclics  sur  la  Vie  et  la 
Mori;  Stahl:  TheoriaMedicave)-a,i.2'2S;  DuoES  :  Physiol.  Voraparee, 
i.  3 ;  Beclard:  Anat.  Geiih-ale,  p.  4;  Augdste  Comte:  Coursde  Philos. 
Positive,  iii.  295;  Spencer:  Principles  of  Psychology,  ■p.  354. 
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surprise  no  one  ;  nor  have  we  any  security  that  greater 
chano-es  are  not  still  awaiting  the  investigator. 

A  cell  is  regarded  as  the  true  biological  atom.  No- 
thino-  is  livins:  but  cells,  or  what  can  be  directly  traced 
back  to  cells.  However  great  a  departure  from  the  cell- 
form  may  be  disclosed  in  an  anatomical  investigation — 
as  in  fibres,  vessels,  bones,  membranes— a  mor23hologi- 
caZ  investigation  detects  that  all  these  were  cells  in  their 
origin.  As  a  cell  the  organism  commences  ;  all  through 
its  career,  a  large  part  of  the  organism  is  made  of  cells, 
and  the  rest  is  of  transformed  cells,  or  cell-products. 

What  is  a  cell  ?  It  is  usually  a  microscopic  sac,  or 
vesicle,  containing  a  smaller  vesicle,  called  the  nucleus. 
In  many  mature  cells  this  nucleus  contains  a  minute 
round  body,  probably  solid,  called  the  nucleolus ;  this 
is,  I  believe,  never  found  in  young  cells.  Even  the 
nucleus  is  not  always  present :  it  is  absent  in  cells 
about  to  perish, — such  as  the  cells  of  the  outermost 
layer  of  the  skin ;  or  in  cells  which  have  only  a  transitory 
existence — such  as  the  blood-cells  of  mammals.  Be- 
sides the  nucleus  we  must  take  into  account  the  cell- 
contents.  The  delicate  enveloping  membrane,  or  cell- 
wall,  which  forms  the  sac,  contains  a  liquid  and  gran- 
ules, the  special  nature  of  which  determines  the  spe- 
cial properties  of  the  cell.  Thus  the  muscle-cell  con- 
tains a  contractile  substance  ;  a  pigment-cell  contains 
colouring  matter  ;  a  mucus-cell  contains  mucus,  and 
so  on. 

Every  cell  in  the  organism  is  independent :  it  is 
born,  it  grows,  it  reproduces,  and  it  dies,  as  if  it  were 
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a  single-celled  plant,  or  animal.  The  gi-owtli  and  decay 
of  an  organ,  is  like  the  growth  and  decay  of  a 
nation,  or  of  a  tree:  the  individual  cells  compos- 
ing the  organ  grow  and  perish,  as  the  individual 
men,  or  the  individual  leaves,  grow  and  perish.  There 
is  a  certain  aggregate  unity,  but  it  is  made  up  of  dis- 
tinct units.  Just  as  the  life  of  a  nation,  or  a  tree,  is 
the  sum  total  of  the  Kves  of  aU  its  individual  parts,  so 
is  the  life  of  an  organism  the  sum  total  of  the  lives  of 
its  individual  cells. 

This  is  one  of  the  great  revelations  of  modem 
science.    We  no  longer  speak  of  a  centre  of  vital  acti- 
vity, for  we  know  that  there  are  myriads  of  centres. 
It  is  therefore  no  longer  surprising  to  us  to  know  that 
a  part  of  an  organ  may  be  destroyed  without  the  func- 
tion of  that  organ  disappeariiig ;  for  this  is  no  more  than 
a  regiment's  continuing  the  battle  when  its  ranks  are 
thinned.    If  the  oflGicers  are  shot  down,  the  reo-iment 
will  be  dispersed,  and  each  soldier  wiU  then  have  to 
shift  for  himself ;  in  like  manner,  if  certain  regulating 
parts  in  the  mechanism  of  the  organ  be  destroyed,  the 
function  of  that  mechanism  will  disappear,  and  the 
individual  cells  be  left  to  themselves.    Thus  a  man 
may  have  an  abscess  in  his  Hver,  which  will  not  prevent 
the  cells  of  the  other  unaffected  parts  of  the  liver  from 
secreting  bile,  and  pouring  it  through  the  gall-duct; 
but  an  abscess  in  the  gall-duct  would  prevent  the  func- 
tion of  the  liver,  though  it  would  not  interfere  with 
the  property  of  the  liver-cells  to  secrete  bile.    A  man 
with  half  a  lung  will  continue  to  breathe  by  means  of 
the  half  which  is  unaffected :  he  will  not  breathe  so 
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vigorously  as  lie  did  when  his  lungs  were  soimd ;  the 
amount  of  oxygen  he  can  respire  will  be  of  course 
diiuinished  in  proportion  to  the  diminution  of  the  air- 
cells  ;  but  so  long  as  the  air-cells  remain,  and  the  res- 
piratory mechanism  is  in  action,  the  breathing  function 
will  continue.  The  student  will  do  well  to  familiarise 
his  mind  with  the  distinction  between  the  life  of  the 
parts  and  the  life  of  the  whole ;  and  to  discriminate 
between  those  phenomena  which  depend  upon  the 
individual  parts,  and  those  which  depend  upon  the 
mutual  relations  of  the  parts — in  other  words,  upon 
the  vital  structures,  and  their  mechanism. 

We  have  previously  stated  that  there  are  three 
cardinal  characteristics  distinguishing  organic  from 
inorganic  beings.  1°,  The  Law  of  Nutrition,  the 
most  fundamental  of  all  vital  laws,  since  in  virtue  of 
it  the  animal  continues  to  exist  as  an  active  organism, 
and  increases  from  infancy  to  maturity.  2°,  The  Law 
of  Development^  or  Differentiation,  which  causes  the 
organism  to  pass  through  the  definite  cycles  of  change, 
constituting  what  we  call  Ages,  and  leading  inevitably 
to  the  final  change,  which  we  call  Death.  3°,  The 
Laiu  of  Reproduction,  another  aspect  of  the  first  law, 
in  virtue  of  which  the  organism  gives  birth  to  similar 
organisms,  and  thus  the  lamp  of  life  is  handed  on 
from  generation  to  generation. 

To  no  inorganic  existences  can  these  three  cardinal 
characteristics  be  assigned.  When  inorganic  bodies 
are  said  to  grow  mineralia  crescunt,"  Linnaeus), 
their  growth  is  that  of  mere  aggregation,  one  part 
adhering  to  another  similar  part.    The  growth  arises 
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from  no  internal  necessity,  as  in.  organic  bodies.  The 
bulk  is  not  increased  by  a  process  of  assimilation, 
wliicb  converts  the  ixnlilce  into  the  like,  which  makes 
foreign  substances  homogeneous  —  minerals  do  not 
feed,  they  cohere.  Nor  have  they  any  Development : 
they  pass  through  no  definite  cycles  of  change  :  they 
have  no  stages  of  growth,  no  Ages.  Eeproduction  is 
equally  impossible  to  them. 

Thus,  by  exclusion,  we  arrive  at  a  description  of  the 
three  great  special  characters  of  living  beings  :  Growth, 
Develoj)ment,  and  Eeproduction.  It  is  obvious  that 
the  phenomena  of  beings  so  markedly  distinct  from  aU 
other  beings,  must  have  a  corresponding  speciality, 
and  must  be  studied  in  themselves.  Without  calling 
in  the  delusive  aid  of  a  Vital  Principle,  we  may  insist 
on  the  fact  that  vital  phenomena  are  peculiar,  special, 
unlike  the  phenomena  of  inorganic  beings,  and  must 
be  studied  with  constant  recollection  of  this  peculiarity. 

IV.  Vegetal,  and  Animal  Life. — Since  the  time 
of  Bichat,  physiologists  have  universally  accepted  the 
classification  proposed  by  that  brilliant  thinker,  rang- 
ing aU  vital  phenomena  under  two  heads  :  1°,  Organic, 
or  vegetative  life  ;  *2°,  Animal,  or  relative  life.  The 
first  is  common  to  Plants  and  Animals  ;  the  second 
is  peculiar  to  Animals.    The  vegetal  phenomena  of 

»  To  avoid  the  eqiiiTOcalness  and  awkwardness  of  vegetable  and 
vegetative,  Mr  Spencer  has  suggested  to  me  the  term  w/^rfai  as  being 
at  once  distinctive,  and  coirelative  with  animal:  we  may  thus  say 
vegetal,  and  vegetality,  as  well  as  animal,  and  animality.    I  am  tha 
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growtli,  development,  and  decay,  comprise  the  whole 
vitality  of  the  Plant ;  but  over  and  above  these  the 
Animal  manifests  the  phenomena  of  relative  life,  so 
called  because  the  animal  is  brought  into  active  re- 
lation -with  the  external  world.  "  Cast  your  eyes,"  says 
Bichat,  '•'  on  individuals  of  the  two  kingdoms,  vegetable 
and  animal ;  you  will  see  that  the  one  has  only  an 
internal  life,  its  relations  with  the  exterior  being  only 
those  of  nutrition — it  is  born,  grows,  and  perishes, 
fixed  to  the  spot  where  the  seed  was  deposited  ;  the 
other  unites,  to  this  internal  life,  an  external  life  which 
establishes  manifold  relations  with  suiTounding  objects 
— the  animal  is  thus  led  to  approach  or  avoid  objects 
accordino;  to  its  desires  or  its  fears." 

Although  open  to  criticism,  this  classification  is  so 
convenient  that  it  has  been  adopted ;  and  we  may 
therefore  speak  of  vegetal  functions,  and  animal 
functions,  of  vegetal  and  animal  life,  without  fear  of 
equivoq^ue.  But  some  of  Bichat's  other  systematic 
views  are  less  acceptable.  For  example,  I  think  he 
was  singularly  unfortunate  in  his  anatomical  general- 
isation, that  all  the  vegetal  organs  are  single  and 
unsymmetrical,  while  all  the  animal  organs  are  double 
and  symmetrical :  a  very  slight  examination  of  this 
point  will  disclose  its  inaccuracy.  The  parotid  and  sub- 
lingual glands,  the  lungs  and  breasts,  the  kidneys  and 
testes,  are  all  vegetal,  and  all  double  and  symmetrical 

more  disposed  to  adopt  this  suggestion  because  vegetal  is  a  true 
Engli.sli  word,  not  unfrequently  used  by  our  old  writers,  especially  the 
Elizabethan  dramatists. 
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— and  if  the  heart  and  the  uterus  seem  to  be  sinde, 
every  anatomist  knows  that  they  are  as  truly  double 
as  the  cerebrum,  or  the  spinal  chord;  and  although 
there  are  certain  irregularities,  which  Bichat  has 
pointed  out — in  the  disposition  of  the  bronchi,  for  ex- 
ample— there  are  irregularities  as  great  in  the  dis- 
position of  nerves ;  and  even  the  brain  itself,  so 
confidently  relied  on  by  BichS,t,  is  far  from  perfect 
in  its  symmetry — nay,  Bichat's  own  brain  was  remark- 
able for  the  difference  in  its  two  halves. 

Not  less  unfortunate  is  the  physiological  gener- 
alisation Bichat  propounded  in  the  celebrated  Law 
of  inter mittence,  characterising  animal  life,  and  the 
La^u  of  continuity,  characterising  vegetal  life.  This 
generalisation  has  been  accepted  as  indisputable  ;  let 
us  subject  it  to  a  brief  scrutiny.  All  the  relative, 
external  functions  are  intermittent — all  the  vegetal, 
internal  functions  are  continuous :  that  is  Bichat's 
position.  In  contradiction  to  this,  I  affirm  that  the 
vegetal  functions  are  intermittent,  as  well  as  the 
animal  functions  ;  and  that  the  only  processes  which 
can  be  called  strictly  continuous  are  those  processes  of 
molecular  change — of  composition  and  decomposition 
— on  which  existence  depends.  Let  us  see  which 
position  best  covers  the  facts.  It  is  true  that  animals 
require  rest  after  exertion,  and  sleep,  after  some  hom's' 
waking  ;  this  intermittence  is  caused  by  an  exhaustion 
of  the  bodily  energy,  as  we  have  ah-eady  endeavoured 
to  indicate.*    But  that  this  intermittence  is  not  ex- 

*  See  p>  362. 
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chisively  animal,  may  be  seen  in  the  equally  familiar 
facts  that  the  vegetal  function  of  digestion  is  not  less 
periodical ;  that  the  vegetal  functions  of  generation 
and  lactation  are  equally  intermittent.  A  certain  time 
is  required  to  form  the  gastric  juice,  and  during  this 
interval  the  function  of  digestion  is  impossible.  It  is 
the  same  with  all  other  functions.  Nay,  even  secretion 
itself  is  not  wholly  continuous  :  the  glands  are  not 
constantly  in  action  ;  as  we  now  know  from  Bernard's 
discovery  respecting  the  colour  of  the  venous  blood 
flowing  from  them.*  The  function  of  respiration 
may  perhaps  be  said  to  be  continuous,  because  its 
intermittence  is  so  brief  and  regular ;  the  same  also 
may  be  said  of  the  circulation  ;  the  rapidly  inter- 
mittent propulsions  of  the  heart,  and  the  continuous 
jDrocesses  of  molecular  change — in  the  capillaries — on 
which  circulation  depends,  give  it  a  certain  continuity. 
But  if  we  except  these,  all  the  vegetal  functions  are 
obviously  intermittent :  on  the  other  hand,  the  animal 
functions  have  scarcely  more  claim  to  intermittence ; 
since  even  if  we  suppose  that  the  brain  is  ever  whoUy 
at  rest,  in  sleep — of  which  there  is  neither  evidence 
nor  probability  (see  p.  373) — absolute  repose  for  the 
nervo -muscular  apparatus  is  impossible,  so  many  of 
the  vital  functions  being  dependent  on  this  apparatus. 
The  only  approach  to  a  generalisation  which  seems  to 
me  warranted  is  this  :  that  the  vegetal  functions  are 
more  uniform  and  rhythmic  in  their  activity,  because 
the  conditions  and  stimuli  are  more  uniform  than  is 
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the  case  with  the  animal  functions.  The  conditions  of 
secretion,  and  the  stimuli  to  the  functions  of  breath- 
ing, &c.,  are  more  uniformly  present  than  the  condi- 
tions of  thinking  or  moving  ;  and  the  stimulus  is 
less  exhausting,  therefore  less  time  is  required  for 
the  reintegration  of  the  molecular  condition  necessary 
to  activity. 

V.'  Life. IN  eelation  to  the  External  Meditjm. 
— The  error,  long  dominant,  and  not  even  yet  entirely 
effaced,  which  made  men  conceive  Life  in  itself  as 
something  unrelated  to,  and  wholly  independent  of,  the 
external  medium,  was  consecrated  by  the  doctrine  of  a 
Vital  Principle  ;  and  yet  the  facts  which  plainly  spoke 
against  such  a  conception  were  familiar  facts,  although 
their  bearing  was  misunderstood.  Every  hour  men  must 
have  been  aware  that  very  slight  changes  in  the  external 
conditions  rendered  the  manifestation  of  life  impossible ; 
a  little  more  carbonic  acid,  or  a  little  less  oxj^gen,  a 
little  more  heat  or  cold,  a  little  less  pressure  of  the 
atmosphere,  a  deficiency  of  water  or  of  food,  sufl&ced  to 
extinguish  Kfe,  as  a  lamp  is  extinguished  when  the 
oil  disappears.  Every  one  knew  that,  ascending  a 
mountain,  certain  classes  of  animals  and  plants  gradu- 
ally disappear,  a  new  fauna  and  flora  occupying  the 
higher  districts  ;  so  that,  all  the  world  over,  the  same 
species  of  plant  wUl  be  found  at  the  same  heights 
above  the  sea-level,  and  only  these.  As  we  walk  down 
upon  the  shore  at  low  tide,  we  find  different  species 
inhabiting  distinct  zones  :  those  which  live  in  deep 
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water  being  unable  to  bear  the  temporary  exposure 
wliicli  is  daily  borne  by  those  which  live  nearer  the 
tide-mark. 

And  yet  in  spite  of  this  knowledge  of  the  constant 
influence  of  surrounding  conditions  on  the  vital  mani- 
festations— in  spite  of  the  knowledge  that  vital  pheno- 
mena are  exalted  or  depressed,  called  into  existence  or 
entirely  destroyed  by  the  influences  of  light,  heat, 
pressiu'e,  moisture,  gases,  &c.,  men  have  gone  on  as- 
serting that  Life  is  independent  of  external  influences, 
and  that  it  has  the  power  of  controlling  physical  and 
chemical  laws.  In  the  present  state  of  science  such  a 
conception  is  inadmissible  ;  yet  in  a  widely  circulated 
work  we  read  that  "  Life  resists  the  effect  of  mechan- 
ical friction,"  and  we  find  this  amazing  proposition 
resting  on  no  firmer  basis  than  an  example  which 
will  be  read  with  surprise.  "  The  friction,"  it  is 
said,  "wliich  will  thin  and  wear  away  a  dead  body, 
is  actually  the  cause  of  thickening  a  living.  The  skin 
on  the  labourer's  hand  is  thickened,  to  save  it  from 
contact  with  hard  substances."  Now  the  fact  is,  that 
the  friction  which  wears  away  a  dead  body  has  pre- 
cisely the  same  effect  on  the  labourer's  hand  :  so  far  is 
Life  from  resisting  this  mechanical  friction,  that  in  a 
]nuch  shorter  time  than  would  suffice  to  wear  away  a 
layer  of  wood,  the  living  skin  would  be  rubbed  bare. 
When  with  unaccustomed  hands  we  ply  an  oar,  which 
is  the  first  to  show  the  efiects  of  friction — the  oar  or 
the  hand?  The  peculiarity  in  the  case  of  a  living 
body  is  this,  that  whereas  the  dead  body,  when  its  par- 
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tides  are  rubbed  off,  has  no  power  of  replacing  them, 
the  living  body  has  this  power,  and  by  its  means  not 
only  is  the  loss  repaired,  but  there  may  be  even  an 
increase  of  the  original  size.  If  a  labourer's  skin  is 
thickened,  it  is  because  the  growth  of  its  cells  has  been 
stimulated,  and  more  are  reproduced  than  are  wasted. 

We  must  constantly  bear  in  mind  that  Life  is  pos- 
sible only  under  the  necessary  conditions  of  an  organ- 
ism, on  the  one  hand,  and  an  external  medium  on  the 
other.  It  is  the  mutual  relations  of  organism  and 
medium  which  determine  the  manifestations  we  name 
Life  ;  and  the  error  is  as  great  when  men  attempt  to 
solve  vital  problems  without  duly  taking  all  external 
conditions  into  account,  as  when  they  attempt  to 
solve  them  without  taking  the  organic  conditions  into 
account — that  is,  when  they  attempt  to  explain  vital 
phenomena  as  if  they  were  simply  physical  and  chem- 
ical. The  metaphysician,  with  his  "  vital  forces,"  is  as 
one-sided  as  the  chemist  with  his  "  aflinities.'" 

VI  DuEATiON  OF  Life. — Every  organism  has  its 
limits  of  duration  which  are  definite  and  inevitable ; 
we  cannot  assign  these  limits  with  precision,  any  more 
than  we  can  assign  the  precise  statm-e  which  an  ani- 
mal will  attain  ;  we  can  only  fix  boundary-marks 
within  which  the  dm-ation  is  possible  ;  for  the  rest, 
"  the  great  areas  of  life  cannot  be  expressed  in  terms  of 
strict  measurement."*  These  areas  mark  the  accom- 
plishment of  a  series  of  organic  changes  ;  and  such 
changes,  although  definite  in  their  order  of  succession, 
*  John  Simon  :  Essay  on  die  Thymus  Gland,  p.  30. 
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arc  so  dependent  on  a  varietj^  of  influences,  tliat  tliey 
do  not  admit  of  being  weighed  in  the  balance,  nor  can 
the  vital  maturity  which  they  develop  be  measured  by 
the  vibrations  of  the  pendulum." 

These  great  areas  of  which  Simon  speaks  are  the 
four  ages  : 

1°.  The  Fcetal  Epoch,  or  that  in  which  the  egg  passes 
through  its  successive  changes,  from  a  single  cell  to  a 
multiple  of  cells,  and  thence  into  a  complex  structure 
capable  of  independent  existence  when  separated  from 
the  parent  organism,  at  Birth.  This  epoch  is  normally 
of  nine  months'  diu"ation  in  the  human  being ;  thirty 
days  in  the  rabbit ;  sixty  days  in  the  guinea-pig  ;  fifty- 
six  days  in  the  cat;  sixty-four  in  the  dog;  one  hundred 
and  eight  days  in  the  lion  ;  twenty  months  in  the  ele- 
phant ;  and  so  on,  varying  in  the  different  groups. 
Nevertheless,  although  this  epoch  is  one  of  which  the 
hmits  are  less  variable  in  each  group  than  any  of  the 
other  epochs,  we  must  remember  that  Time  is  only 
our  conventional  means  of  measurement ;  and  that  the 
phenomena  measured  are  in  no  sense  regulated  by 
Time.  The  epoch  is  really  determined  by  organic 
conditions,  not  by  Time,  and  it  may  therefore  be  pro- 
longed or  shortened  by  those  conditions  ;  the  foetal 
epoch  in  human  life  may  last  seven  months,  or  eleven, 

2°.  Infancy  extends  from  Birth  to  Puberty.  In 
this  epoch  bodily  and  mental  development  pass  rapidly 
and  strikingly  through  their  phases  ;  but  its  limits  are 
very  variable,  puberty  being  much  earlier  in  some 
organisms  than  in  others,  and  always  earlier  in  the 
female  than  in  the  male. 
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3°.  Manhood  is  a  sort  of  table-land  of  life,  but  its 
limits  are  very  variable.  In  it  the  body  does  not  in- 
crease, except  in  solidity  and  vigour.  The  balance  of 
waste  and  repair  is  tolerably  even. 

4°.  Old  Age.  —  The  balance  begins  to  lean ;  the 
movement  of  Assimilation  slackens,  and  Death  slowly 
advances.  The  limits  of  this  epoch  are  the  most  vari- 
able of  all. 

These  Ages  are  the  Cycles  of  Change  through  which 
every  organism  must  inevitably  pass,  if  it  be  not  earlier 
destroyed,  and  they  are  therefore  inseparable  from  our 
conception  of  Life.  We  have  seen  how  each  epoch  varies 
in  duration,  and  we  can  understand,  therefore,  how  the 
whole  of  each  life  wiU  vary  one  from  the  other;  so  that 
although  it  is  possible  to  assign  the  limits  for  the 
race,  this  can  only  be  done  as  an  average, — we  can 
never  know  what  wiU  be  the  duration  of  an  individual 
life. 

And  here  it  may  be  well  to  point  out  a  common  error 
in  works  which  treat  of  Longevity,  and  one  which  is 
explicitly  stated  by  Mourens,  the  latest  writer  on  that 
subject.*  It  is  that  of  supposing  the  duration  of  Life 
to  be  measurable  by  beats  of  the  pendulum.  We  are 
told  that  the  normal  length  of  life  for  a  human  being 
is  one  hundred  years  ;  and  that  if  the  majority  of  men 
die  earlier,  it  is  because  accident,  disease,  or  impru- 
dent habits,  have  shortened  the  term.  The  argument 
rests  on  the  fallacy  that,  because  some  men  reach  the 
age  of  one  hundred,  all  men  would  reach  it  were  there 
not  disturbing  causes  (des  causes  troublantes) ;  but  in- 

*  Flourens  :  Be  la  Longlviti  Humaine.  1855. 
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asniucli  as  these  disturbing  causes  are  part  of  the  con- 
ditions of  human  life,  inasmuch  as  man  is  dependent 
on  the  atmosphere,  on  climate,  and  on  food,  and  can- 
not escape  their  variations — to  say  that  he  would  live 
a  century  were  it  not  for  the  disturbing  influences,  is 
to  say  that  he  would  enjoy  a  longer  life,  if  life  itself 
were  otherwise  ordained.  One  man  lives  "faster"  than 
another  ;  he  lives  more  in  the  same  period.  If  he  live 
imprudently  at  the  same  time,  he  may  hasten  the  changes 
which  will  bring  about  Death.  But  the  utmost  prudence 
will  not  shield  h.im  entirely  against  external  conditions ; 
nor  will  the  wisest  care  do  more  than  modify  the  hered- 
itary disposition,  which  he  brought  with  him  into  the 
world,  and  which  will  make  him  short-lived  or  long- 
lived. 

What  is  it  which  terminates  Life,  in  the  natural 
course  of  things  ?  Seeing  that  the  organism,  like  the 
single  cell,  has  within  it  the  power  of  Assimilation — 
the  power  of  repairing  its  substance  wasted  in  func- 
tional activity ;  and  seeing  also  that  this  power  con- 
tinues for  a  long  period,  a  century  and  upwards,  in 
some  cases,  why  should  it  not  be  indefinitely  prolonged? 
The  prolongation  of  human  life  has  been  one  of  the 
dreams  of  the  speculative,  and  its  essential  error  has 
been  seldom  perceived.  Hufeland,  who  wrote  a  book 
on  the  art  of  prolonging  life,  refers  to  the  fact  (ques- 
tionable fact)  of  men  having  lived  to  the  age  of  150 
and  even  180  years ;  and  he  declares  that  he  can  see 
no  reason  why  others  should  not  live  to  200.  But  I 
can  see  no  reason  why  he  should  modestly  stop  there. 
Two  centuries  is  not  a  magical  period,  beyond  which 
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Life  must  be  impossible.  There  is,  indeed,  the  disturb- 
ing fact  of  no  man  having  yet  reached  the  age  of  200  ; 
but  if  we  are  to  argue  that,  because  150  and  180  have 
been  reached,  therefore  200  may  be  reached — we  are 
surely  entitled  to  argue  that,  if  200  can  be  reached, 
then  300,  then  400,  and  so  on,  untU  some  necessity  be 
shown  for  the  termination. 

And  here  we  bring  the  question  to  the  test.  What 
is  the  inherent  necessity  for  a  telmination  of  that  pro- 
cess of  repair  which  we  know  the  organism  for  a  long- 
period  possesses  ?  Let  us  first  see  what  are  the  phe- 
nomena of  old  age ;  they  may  help  us  to  an  answer. 
A  French  physician  graphically  says  :  "Man  begins  in  a 
gelatinous,  and  terminates  in  an  osseous  condition." 
The  processes  of  Life  induce  changes  in  the  structure 
which  gradually  impede  its  functions.  "The  great 
characteristic  of  all  the  changes,"  says  Dr  Van  Oven, " 
which  gradually  occur  from  early  to  extreme  old  age, 
is  consolidation,  a  diminished  plasticity  and  mobility 
of  parts,  increased  firmness  of  structure,  and  diminished 
bulk :  interstitial  fat  is  then  absorbed  ;  the  muscles 
become  stringy  and  fibrous,  and  at  their  terminations 
ligamentous  ;  cartilages  become  bony ;  bones  lose  their 
cancellous  structure,  and  become  merely  solid  masses, 
whilst  the  blood-vessels  are  diminished  or  obliterated. 
The  coats  of  the  arteries  become  harder,  and  lose  their 
tonicity ;  many  of  the  smaller  trunks  are  obliterated, 
whilst,  however,  the  veins  have  become  larger  and 
more  dilatable  than  they  were  in  early  life  ;  perspira- 
♦  Van  Oven  :  On  the  Decline  (if  Life. 
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tion  is  nearly  at  au  end,  for  tlie  skin  has  become  liarsh 
and  diy,  wrinkled  and  discoloured;  and  even,  as  in  tlie 
vegetable  world  plants  as  they  grow  older  become  more 
and  more  woody,  and  the  sap  traverses  only  the  larger 
vessels,  so  too  in  the  old  man  the  circulation  is  carried 
on  only  by  the  larger  trunks,  and  hence  the  whole  body 
becomes  thinner,  firmer,  more  harsh,  more  dry,  and  loses 
strength  and  mobility,  and  the  power  of  repairing  in- 
jured or  regenerating  lost  parts.  The  muscular  system 
has  become  so  weak  as  to  be  almost  useless.  The  once 
powerful  man,  now  unable  to  stand  erect,  stoops  ;  the 
shoulders  are  raised,  and  the  head  falls  forward.  In 
walking,  the  spine  is  much  curved  ;  the  aid  of  a  strong 
stick  or  an  able  arm  is  required  to  keep  the  body  in 
equilibrium  ;  the  step  is  tottering  and  uncertain  ;  the 
hands  are  unable  to  grasp  any  object  firmly — they 
tremble  in  a  palsied  manner  if  the  attempt  be  made, 
and  the  command  over  the  particular  fingers  is  very 
uncertain." 

In  this  pictm-e  of  old  age,  some  points  of  which  may 
be  questioned,  we  see  plainly  enough  that  very  impor- 
tant structural  changes  must  have  occurred  in  the  or- 
ganism ;  the  source  of  these  changes  lies  in  the  very 
nature  of  the  nutritive  process  itself.  If  the  Eepair 
were  always  identical  with  the  Waste,  never  varying 
in  the  slightest  degree,  Life  would  be  only  terminated 
by  some  accident,  never  by  old  age.  But  the  Eepair 
is  never  thus  nicely  balanced  with  the  Waste.  More- 
over, in  Food  we  are  constantly  introducing  different 
substances,  which  produce  variations  in  the  composi- 
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tion  of  the  Blood,  and  variations  in  tlie  nutrition  of 
the  parts.  These  differences  accumulate  their  influence 
in  those  changes  named  the  Ages,  and  they  culminate 
in  the  final  change,  named  Death.  The  cellular  mass 
becomes  differentiated  into  various  tissues  ;  these  in 
turn  become  differentiated  as  they  grow  and 'act ;  and 
thus  it  may  be  said  that  the  very  processes  of  Life 
bring  with  them  a  gradual  deposition  of  Death. 

That  Death  is  really  and  truly  the  inevitable  residue 
of  the  activity  of  Life,  and  that  its  approach  is  de- 
termmed  by  the  rapidity  Avith  which  developmental 
changes  take  place,  is  proved  by  the  experiments  of 
Reaumur  on  insects.  He  shows*  that  the  duration  of 
^n  insect's  existence  may  be  prolonged  twofold,  nay 
fourfold,  beyond  that  of  its  species  ;  or,  vice  versd,  it 
may  be  abridged,  without  doing  it  any  other  injm'y 
w^hatever,  simply  by  retarding,  or  accelerating,  those 
stages  of  metamorphosis,  by  which  it  must  pass  to 
complete  its  career.  In  Earby  and  Spence's  delightful 
work  we  read :  "  The  aphidivorus  flies  live  in  the  larva 
state  ten  or  twelve  days,  in  the  pupa  state  about  a 
fortnight,  and  as  perfect  insects  possibly  as  long,  the 
whole  term  of  their  existence  in  summer  not  exceeding 
at  the  very  utmost  six  weeks.  But  one  which  I  put 
under  a  glass  on  the  2d  June  1811,  when  about  half 
grown,  and,  after  supplying  it  with  aphides  once  or 
twice,  by  accident  forgot,  I  found,  to  my  great  aston- 
ishment, alive  three  months  after;  and  it  actually  lived 

*  Reaumur  :  Memoires  pour  servir  d  IViist.  des  Insecies,  vol.  ii. ;  pre- 
face, p.  ii. 
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till  the  following  June  witliout  a  particle  of  food.  It 
had  therefore  existed  in  the  larva  state  more  than 
eight  times  as  long  as  it  would  have  Uved  in  all  its 
states,  if  it  had  regailarly  undergone  its  metamorphoses, 
which  is  as  extraordinarj'  a  prolongation  of  life  as  if 
a  man  were  to  live  560  years."*  At  the  moment  of 
writing  this,f  I  have  the  tadpole  of  a  Triton,  which 
was  taken  last  autumn  from  a  pond,  and  kept  in  a 
glass  vessel  of  water  through  the  whole  autumn  and 
Avinter  in  a  very  cold  place ;  it  has  remained  all  this 
while  untransformed ;  and  its  "  infancy,"  instead  of 
having  a  duration  of  a  few  days,  has  been  prolonged 
over  many  weeks. 

Now  it  is  clear  that  the  causes  which  determine 
the  acceleration  or  retardation  of  Development — wliich 
make  each  epoch  of  Life  longer  or  shorter — must  be 
also  those  which  prolong  or  shorten  Life  itself  In 
other  words.  Death  is  determined  by  the  metamor- 
phoses of  Life.  And  thus,  in  a  certain  sense,  those 
philosophers  are  justified  who  teach  that  every  organ- 
ism has  an  allotted  amount  of  vitality,  which  it  may 
expend  in  a  shorter  or  a  longer  time,  but  which  it 
cannot  increase.  We  can  no  more  live  our  Life  and 
keep  it,  than  we  can  eat  ovx  cake  and  keep  it. 

In  England  one  person  in  every  3100  reaches  the 
age  of  100.  Some  small  minority  exceeds  the  hundred 
years,  and  cases  of  150  and  even  of  180  are  cited,  but 
the  evidence  for  them  seems  questionable.  Eespect- 

*  KiRBY  and  Spence;  Introduction  to  Entomology,  ed.  of  1856,  p.  225. 
t  January  1859. 
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ing  the  numerous  cases  of  long-lived  people,  so  often 
spoken  of,  it  is  to  be  observed  that  wherever  a  regis- 
tration of  births  has  been  estabhshed,  such  marvellous 
examples  never  appear.  In  Sweden  and  Norway  we 
have  a  striking  illustration  of  this.  In  one  country 
the  cases  of  men  living  to  120  and  140  are  said  to  be 
frequent ;  in  the  other  they  never  occur.  In  the  one 
country  there  are  no  official  documents  to  test  the  age 
of  the  people  ;  in  the  other  there  is  such  a  test. 

I  do  not  assert  that  there  never  has  been  an  example 
of  human  life  prolonged  even  to  180  years.  Let  such 
an  example  be  authenticated,  and  the  physiologist  will 
no  more  see  reason  for  surprise,  than  at  the  child  re- 
maining eleven  months  in  the  womb,  or  commencing 
its  teething  at  two  years ;  for  the  physiologist  knows 
that  Time  itself  is  not  a  factor  in  the  sum — ^is  not 
a  condition  of  Life  ;  it  is  only  a  mode  we  adopt  of 
measuring  changes.  But  until  such  an  example  is 
authenticated,  we  may  reasonably  be  sceptical 

VII.  Death. — We  have  seen  reason  to  consider  Death 
as  the  closing  scene  of  a  successive  series — the  terminal 
act  of  Life ;  not  therefore  as  an  antagonist  of  Life — a 
negative  which  destroys  a  positive — a  darkness  which 
shrouds  up  a  light ;  but  the  denouement  of  the  di-ama, 
inevitable,  and  indissolubly  linked  with  all  that  has  con- 
stituted Life.  Death  is  a  new-birth :  with  it  certain 
forms  of  existence  are  completed,  and  certain  others 
are  commenced.  It  is  the  destruction  of  the  organic 
wnity,  and  consequently  of  the  phenomena  which  were 
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dependent  on  that  unity.  This  definition  seems  pre- 
ferable to  that  which  says,  "  Death  is  the  cessation  of 
the  functions  of  life  ; "  for  that  cessation  may  take 
place  in  an  organism  still  capable  of  life,  and  therefore 
not  dead.  The  congealed  frog,  and  the  dried  rotifer, 
exhibit  none  of  the  functions  of  life ;  yet  they  are  not 
dead;  the  unwound  watch  is  silent,  but  it  is  not 
destroyed. 

As  there  is  Life  of  the  parts,  of  the  cells,  and  of  the 
whole  organism ;  so  likewise  is  there  Death  of  the 
parts,  of  the  cells,  of  the  whole  organism.  In  each  case 
the  destruction  of  the  organic  unity  brings  a  cessation 
of  the  organic  functions. 

1°.  Death  of  the  Parts— The  life  of  the  cell  depends 
upon  a  twofold  movement  of  composition  and  decom- 
position, of  assimilation  and  disintegration,  of  repair 
and  waste.  In  the  first  of  these  movements  there  is 
union  of  elementary  principles,  and  growth  of  the 
substance  of  the  cell ;  in  the  second  movement  there  is 
separation  of  elementary  principles  from  the  existing 
substance,  and  this  is  decay,  or  Death.  Thus  indis- 
soluble are  Life  and  Death. 

Molecular  death,  or  waste  of  substance  consequent 
on  vital  activity,  is  incessant ;  but  the  organism  lives 
on,  surviving  this  death  of  the  organs,  as  the  nation 
survives  though  men  perish  daily. 

2°.  Death  of  the  Organism. — Although  differing 
only  in  unessential  particulars,  there  are  three  heads 
imder  which  all  forms  of  death  are  classed:  1.  Natural 
death  ;  2.  Accidental  death ;  3.  Death  from  disease. 
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It  is  clear,  however,  that  whether  the  interruption  of 
the  vital  manifestations  arise  from  the  gradual  decay 
and  obstruction  which  is  brought  about  by  old  age,  by 
disease,  or  more  suddenly  by  wounds  and  poisons  ;  in 
each  case  Death  results  from  the  interruption  of  that 
relation  between  the  several  parts  of  the  vital  mechan- 
ism, which  brought  all  its  units  into  active  unity, 
making  each  play  into  the  other.  In  old  age  this  in- 
terruption comes  on  gradually.  The  old  man  dies  in 
detail ;  his  functions  dwindle  ;  his  senses  grow  one  by 
one  less  active,  and  many  ordinary  causes  of  sensation 
cease  to  affect  him.  In  disease  the  interruption  is 
rapid  ;  still  more  so  in  fatal  accidents. 

Yet,  although  the  organism  may  be  dead,  many  of  the 
organs  may  be  living  :  the  interruption  may  have  taken 
place,  and  the  unity  be  destroyed,  but  the  units  are  not 
destroyed.  Hours  after  a  man  is  dead,  his  muscles 
live,  and  will  contract ;  his  glands  live,  and  will  secrete  ; 
his  heart  lives,  and  will  beat ;  his  stomach  lives,  and 
will  digest.*  Beard,  hair,  and  nails  will  grow,  and  cut 
surfaces  grow  together.  M.  Gerdy  says  that  the  head 
rolling  on  the  scaffold  is  not  dead,  for  the  features  can 
be  made  to  contract,  as  in  horrible  passion,  twelve  or 
fifteen  hours  after  decapitation.  Dr  Ure  experimented 
on  the  body  of  a  man  who  had  been  hanged,  and 
frightened  the  spectators  by  the  sight  of  this  corpse 
starting  up,  its  features  convulsed  as  with  passion  and 
terror,  when  a  powerful  galvanic  battery  was  applied. 

*  In  certain  fishes,  digestion  will  continue  twenty-four  hours  after 
death. — Chas.  Kobin  :  Memoires  de  la  SocUli  de  Biologie,  v.  134. 
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On  the  other  hand,  many  of  the  parts  may  be  dead 
while  the  organism  continnes  to  live.  In  disease  and 
wounds  this  is  constantly  the  case.  The  negroes  on  the 
African  coast  frequently  begin  to  putrefy  at  their  extre- 
mities before  death  comes  on— their  limbs  rotting,  while 
heart,  lungs,  brain,  and  stomach  are  active. 

VIII.  Appaeent  Death. — It  is  of  the  first  importance 
that  we  should  be  able  to  discriminate  real  from  appa- 
rent death;  and  that  we  should  have  some  simple 
memorable  indications  which  may  preserve  us  from 
those  fearful  mistakes  of  "  buried  alive,"  common 
enough  in  ancient  times,  and  not  wholly  unknown  in 
our  own. 

Writers  on  this  subject  are  fond  of  citing  the  case  of 
Trangois  Civille,  a  Norman  gentleman  of  the  days  of 
Charles  IX.,  who  described  himself  as  having  been 
"  thrice  dead,  thrice  buried,  and  thrice  resuscitated  by 
the  grace  of  God."  Winslow,  the  famous  anatomist,  is 
said  to  have  been  tAvice  buried.  If  many  of  the  re- 
puted dead  have  awakened  from  their  lethargy  in  time, 
there  is  a  frightful  suspicion  that  many  others  did  not 
awake  in  time.  It  is  easy  to  say  that  only  culpable 
ignorance,  and  culpable  carelessness,  can  in  our  clay 
permit  such  mistakes  ;  but  I  find  an  authentic  case  so 
late  as  IS-iS,  in  France,  in  which  a  beggar  was  found 
drunk,  on  the  road  to  Nantes,  and  was  mistaken  for 
dead  ;  all  preparations  for  burying  him  were  made, 
when  those  who  came  to  carry  him  away  were  startled 
by  his  opening  his  eyes,  shaking  himself,  and  asking 
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where  lie  was  ?  Nay,  so  late  as  184;9,  tlie  French 
Academy  accorded  a  prize  of  1500  francs  to  the  essay 
of  M.  Bouchut,*  the  money  having  been  furnished  by 
a  philanthropic  professor  at  the  University  of  Rome, 
P.  Manni. 

The  definition  of  Death  which  I  have  proposed,  fur- 
nishes the  real  clue  in  every  case.  The  common  notion 
that  Death  is  the  cessation  of  the  \ital  functions,  is  no 
guide.  It  does  not  discriminate  between  Lethargy  and 
Death.  Those  who  were  buried  alive  gave  no  sign 
whatever  of  Life  ;  and  except  one  little  detail,  which 
will  presently  be  noted,  there  was  nothing  which  could 
lead  by-standers  to  the  suspicion  that  a  corpse  was  not 
before  them. 

Mr  Braid,  in  his  Observations  on  Trance,  has  col- 
lected examples  of  the  Indian  Fakeers,  which  seem  tol- 
erably authenticated.  "  In  one  of  these  vouched  for 
by  Sir  Claude  M.  Wade,  the  Fakeer  was  buried  in  an 
underground  cell,  under  strict  guardianship  for  six 
weeks  ;  the  body  had  been  twice  dug  up  by  Runjeet 
Singh  during  the  period  of  interment,  and  had  been 
found  in  the  same  position  as  when  first  buried."  In 
another  case  narrated  by  Lieutenant  A.  Boileau  in  his 
Narrative  of  a  Journey  in  Rajuarra,  1835,  "  the  man 
had  been  buried  for  ten  days  in  a  grave  lined  with 
masonry,  and  covered  with  huge  slabs  of  stone,  and 
strictly  guarded  ;  and  he  assured  Lieutenant  B.  that  he 
was  willing  to  submit  to  an  interment  of  twelve  months' 

*  BouoHDT  :  Traits  des  svjnes  de  la  mort  et  des  moyens  de  prhmir  les 
enierrements  prirmiuris.  1849. 
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duration,  if  required.  In  a  third  case,  the  trial  was 
made  under  the  direct  superintendence  of  a  British 
officer,  a  period  of  nine  days  having  been  stipulated  for 
on  the  part  of  the  devotee  ;  but  this  was  shortened 
to  three  days  at  the  desire  of  the  officer,  who  feared 
lest  he  should  incur  blame  if  the  result  was  fatal.  The 
appearance  of  the  body  when  first  disinterred  is  de- 
scribed in  all  instances  as  having  been  quite  corpse- 
like, and  no  pulsation  could  be  detected  in  the  heart 
or  arteries.  The  means  of  restoration  employed  were 
chiefly  warmth  to  the  head,  and  friction  to  the  body 
and  limbs." 

Let  us  now  glance  at  the  various  signs  of  Death,  and 
estimate  the  value  of  each. 

r.  The  cadaverous  aspect  of  the  face,  familiar  to 
every  one,  is  by  no  means  a  certain  characteristic, 
since  it  is  observed  in  persons  much  exhausted  by 
chronic  maladies  ;  and,  moreover,  it  is  not  observed  in 
persons  who  have  died  from  accident,  or  from  acute 
malady. 

2°.  The  coldness  and  lividness  of  the  shin  are  very 
equivocal.  Those  who  die  from  chronic  maladies  or 
violent  bleeding  rapidly  become  cold ;  but  those  who 
die  from  asphyxia  are  a  long  while  becoming  cold, 
nor  does  the  body  lose  its  tints  for  many  hours.  I 
have  already  noticed  surprising  cases  of  the  body 
retaining  its  warmth  many  hours  after  death.* 

3°.  Rigidity  of  the  limhs  is  one  of  the  most  reliable 
signs.    It  is  always  observed  sooner  or  later  :  sooner 

*  See  vol  i.  chap.  vii.  p.  444. 
VOL  II.  2  K 
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in  those  weakened  by  old  age,  or  long  illness,  than  in 
the  young,  or  in  those  who  perish  from  accident,  and 
in  those  suffocated,  especially  those  suffocated  by 
carbonic  acid.  It  persists  generally  twenty-four  to 
thirty-six  hours  ;  but  the  causes  which  retard  its  first 
appearance  prolong  its  duration ;  for  instance,  after 
suffocation  by  carbonic  acid  it  does  not  come  on  till 
about  fifteen  hours  after  death,  and  lasts  several  days 
if  the  air  be  at  once  cold  and  dry.  This  cadaveric 
rigidity  is  to  be  distinguished  from  the  rigidity  of 
congelation,  and  from  that  convulsive  rigidity  pro- 
duced by  certain  nervous  states  :  in  the  first  case  a 
limb  or  finger  is  heard  io'crick  when  bent — which  is 
said  to  arise  from  the  breakage  of  little  congealed 
masses  ;  in  the  second  case,  the  bent  limb  returns  to 
its  original  position  when  the  force  which  bent  it  is 
removed,  whereas  in  the  dead  body  a  limb  once  bent 
retains  that  position. 

4".  Cessation  of  the  Respiration  and  Circulation. — 
It  is  worthy  of  remark  that  aU  the  ordinary  means  of 
ascertaining  whether  the  heart  has  ceased  to  beat, 
and  the  lungs  to  act,  have  little  scientific  value.  You 
may  fail  to  detect  the  slightest  pulse  at  the  wrist, 
temple,  or  chest.  You  may  place  a  bright  mirror 
bef&re  the  mouth,  and  it  will  not  be  obscured  ;  you 
may  hold  a  flame  before  the  mouth,  and  it  wiU  not 
flicker ;  you  may  place  threads,  or  down,  on  the  lips, 
and  there  will  be  no  stir  ;  yet  the  patient  may  be 
living.  Nevertheless  it  is  tolerably  certain  that,  in 
the  higher  animals  at  least,  actual  cessation  of  the 
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circulation  must,  if  prolonged,  be  regarded  as  the 
sign  of  death.  How  then  to  establish  the  reality  of 
this  cessation?  M.  Bouchut  says  there  is  but  one 
test,  and  that  is  infallible— namely,  auscultation.  By 
the  aid  of  the  stethoscope  the  circulation  can  be  heard, 
when  it  can  be  detected  by  no  other  means.  In 
the  Eeport  of  the  Commission  appointed  by  the 
Academy,  this  cessation  of  the  heart's  action,  as  de- 
tected by  the  stethoscope,  is  considered  to  be  the 
infallible  sign  of  death — and  the  time  which  this 
cessation  must  be  observed  may  be  estimated  at  five 
minutes.  If  during  five  minutes  no  sound  whatever 
be  heard,  the  certainty  of  death  may  be  relied  on. 

Taken  in  conjunction  with  cadaveric  rigidity,  this 
last  sign  may  be  said  to  furnish  a  positive  assurance 
of  Death.  But  in  cases  where  the  stethoscope  cannot 
be  applied,  or  where  no  skilled  practitioner  is  present 
to  apply  it.  there  is  one  other  sign — namely.  Putre- 
faction. This  cannot  be  mistaken.  It  manifests  itself 
at  first  as  a  blue-green  tint  over  the  skin,  especially 
about  the  abdomen,  and  soon  spreading  all  over  the 
body.  This  sign,  if  preceded  or  accompanied  by  cada- 
veric rigidity,  can  be  relied  on  as  infallible. 
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And  now,  reader,  we  have  reached  the  end  of  onr 
toilsome,  but,  let  me  hope,  not  profitless  journey. 
There  are  many  other  questions  of  interest  and  im- 
portance which  the  physiologist  has  to  study,  but 
they  do  not  fall  within  the  range  of  common  in- 
terests, and  must  therefore  be  omitted  from  these 
pages.  My  object  was  thus  explained  in  the  original 
prospectus : — 

"  No  Scientific  subject  can  be  so  important  to  Man 
as  that  of  his  own  life.  No  knowledge  can  be  so  inces- 
santly appealed  to  by  the  incidents  of  every  day,  as  the 
knowledge  of  the  processes  by  which  he  lives  and  acts. 
At  every  moment  he  is  in  danger  of  disobeying  laws 
which,  when  disobeyed,  may  bring  years  of  sufiering, 
decline  of  powers,  premature  decay.  Sanitary  re- 
formers preach  in  vain,  because  they  preach  to  a 
public  which  does  not  imderstand  the  laws  of  life — 
laws  as  rigorous  as  those  of  gravitation  or  motion. 
Even  the  sad  experience  of  others  yields  us  no  lessons, 
unless  we  understand  the  princiides  involved.  If  one 
man  is  seen  to  suflFer  from  vitiated  air,  another  is  seen 
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to  endure  it  without  apijarent  barm ;  a  tliird  concludes 
that  '  it  is  all  chance,'  and  trusts  to  that  chance  :  had 
he  understood  the  jmnciple  involved,  he  would  not 
have  been  left  to  chance — his  first  lesson  in  swimming 
would  not  have  been  a  shipwreck. 

"There  is  a  daily  increasing  desire  for  scientific 
knowledge.  Science  passes  from  its  laboratories  into 
the  public  thoroughfares.  But  although  thousands  are 
now  anxious  to  understand  the  chief  physiological 
laws,  the  majority  cannot  overcome  their  invincible 
repulsion  from  anatomical  details.  Many  would  rather 
remain  ignorant  than  gain  knowledge  through  such 
paths.  It  is  believed  by  the  Author  of  the  proposed 
work  that  a  clear  and  accurate  conception  of  the  chief 
physiological  laws,  sufficient  for  ordinary  practical 
guidance  and  for  scientific  culture,  may  be  impressed 
upon  the  mind,  and  illu.strated  by  memorable  facts, 
luithout  once  appealing  to  anatomical  knowledge.  It 
will  be  his  object  to  expound  j^rincij^les  rather  than 
to  teach  a  science  ;  and  these  principles  will  be  illus- 
trated by  the  most  striking  facts  hitherto  ascertained. 
Assuming  the  position  of  a  lecturer  addressing  a  mis- 
cellaneous audience,  he  will  imagine  that  beside  the 
Medical  Student  there  sits  an  intelligent  Artisan — 
beside  the  Man  of  Letters  sits  the  Mother  of  a  family  ; 
and  he  will  endeavour  to  be  intelligible  and  interest- 
ing to  all,  while  reproducing  the  latest  discoveries 
of  European  investigators,  and  the  results  of  original 
research." 
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How  far  this  object  has  been  attained,  the  reader 
must  judge ;  but  I  have  received  such  cheering  and 
generous  encouragement  from  the  profession  and  the 
public,  dmiiig  the  course  of  monthly  publication,  as 
fully  to  repay  the  great  pains  and  labour  bestowed  on 
the  work ;  and  I  now  part  from  it,  and  the  reader,  with 
reluctance  and  regret. 


INDEX. 


Aed-el-Kaber  on  the  breeding  of  the 
Arab  horse,  ii.  391. 

Absorbents  or  lymphatics,  see  Lym- 
phatics. 

Absorption  not  universally  a  part  of 

digestion,  i.  193. 
Abstinence,   power  of,  among  the 

lower  animals,  i.  12— the  effects  of 

partial,  20  —  its  effects  on  animal 

temperature,  434. 
Acai-diac  bii-ths,  cases  of,  i.  323. 
Accidents,  hereditary  transmission  of, 

ii.  381. 

Accidental  death,  what,  ii.  445,  446. 

 peculiarities,  hereditary  trans- 
mission of,  ii.  380. 

Acid,  eflfects,  &c.,  of  the,  in  the  gasti-ic 
juice,  i.  209. 

Acids,  value  of,  as  alimentary  prin- 
ciples, i.  14S— free,  in  the  gastric 
juice,  205,  206. 

Actiniae,  influence  of  light  on  the, 
ii.  325. 

Activity,  hxmger  a  stimulus  to,  i.  2. 
Acquapendeiite,  Fabrice  d',  the  valves 

of  the  veins  discovered  by,  i.  306, 

308. 

Adipose  tissue,  proportion  of  fat  iu,  i. 
76. 

After-tastes,  examples  of,  ii  305. 

Age,  relation  of,  to  animal  beat,  i. 
425  et  scq.    See  also  Old  age. 

Air,  importance  of  fresh  and  danger 
of  impure,  i.  350  et  stq. — vital,  the 
composition  and  properties  of,  353 
— quantity  of,  inspired  and  expired, 
367 — alteration  of  it  in  respiration, 
368. 

Air  cells,  the,  in  the  human  limgs,  i. 
364. 

Albinos,  light  colour  of  the  black  pig- 
ment of  the  eye  in,  ii.  334. 

Albumen,  how  classed  by  Liebig,  i. 
71 — incapable  of  supporting  lite  by 
itself,  81,  82 — discovery  of  Mulder 
regarding  vegetable,  113 — experi- 


ments on  injection  of,  117 — as  an 
alimentary  principle,  122  et  seq. — 
proportion  of,  in  various  substances, 
1 23— iu  vegetables,  1 24— power  of  the 
organism  to  fonn,  133 — coagulation 
of,  in  flesh,  153 — action  of  the  stom- 
ach on,  208,  209— action  of  bile  on, 
224 — proportion  of,  in  blood,  262. 

Albuminous  principle,  necessity  ol, 
in  food,  i.  120. 

  substances,  refutation  of  Lie- 
big's  view  regarding,  i.  75 — shewn 
to  be  heat-producers,  90 — then-  rapid 
destruction  within  the  body,  92,  93 
— their  instability,  Vi?, — action  of 
the  gastric  juice  on,  206 — influence 
of  fat  on  digestion  of,  211— amount 
dissolved  by  the  gastric  juice,  214 — 
results  of  stomachic  action  on,  215 — 
action  of  the  pancreatic  juice  on, 
226. 

Alcohol  as  an  alimentary  substance, 
i.  141 — ^its  action  concentrated  and 
diluted,  142 — its  dangers,  145 — its 
physiological  action,  ih.  177,  178 — 
the  alleged  effects  of,  on  the  blood, 
384. 

Alimentary  canal,  digestion  the  func- 
tion of  the,  i.  193. 
 priuciples,  the  various,  i.  122 

et  seq. 

 sub.stancea,  what,  i.  69 — influ- 
ence of  the  b<idy  itself  on,  63. 

Alkalis,  inlluence  of,  on  the  gastric 
juice,  i.  212. 

Almonds,  oil  in,  i.  134. 

Ammonia,  influence  of,  on  the  coagu- 
lation of  the  blood,  i.  260. 

Amoeba,  the,  and  resemblance  of  the 
blood  corpuscles  to  it,  i.  260. 

Amphioxus,  peculiarity  of  cerebral 
development  of,  ii.  91— probable 
part  played  by  the  spinal  cord  in, 
266. 

Amputation,  sensation  referred  to  the 
part  removed  after,  ii.  290. 


456 


INDEX. 


Anfesthetics,  the  value  of,  ii.  148. 

Anatomical  connection  determines 
functions,  ii.  46. 

Anatomist,  views  of  the,  on  muscle, 
contra.sted  with  the  chemist's,  i.  77 
— and  on  blond,  79. 

Anatomy,  general,  what,  i.  4 — scien- 
tific process  of,  as  regards  the  study 
of  life,  (Sic,  and  the  arguments 
against  it,  ii.  86. 

Ancients,  varieties  of  food  among  the, 
1.  53. 

Andersson  ou  the  effects  of  thirst,  i. 
.;!3. 

Andral  on  the  effects  of  disease  on  the 
cerebellum,  ii.  129. 

Anemone  nemorosa,  how  its  odour 
affects  different  persons,  ii.  316. 

Animals,  consumption  of  water  by 
different  kinds  of,  i.  47 — on  the 
application  of  Liebig's  classification 
to  their  feeding,  73 — Lawes  and 
Gilbert's  experiments  on  feeding,  94 
— nutrition  in,  fallacy  regarding  it, 
07 — alleged  incapability  of  their 
assimilating  inorganic  substances, 
98 — these  indispensable  to  them,  99 
— influence  of  their  respiration  on 
ail-,  354 — withdrawalof  oxygen  from 
the  air  by  them,  394 — vai-ieties  as 
regards  respiration  in,  396 — tempe- 
rature of,  405 — the  distinction  of, 
into  warm  and  cold-blooded,  413 — 
experimenting  on  live,  defended 
from  charge  of  cruelty,  ii.  36  note — 
nervous  systems,  ifeo.,  of  the  lower, 
44  —  systemic  consciousness  in 
these,  75— alleged  dependence  of 
sensation  on  the  brain  in,  85 — rela- 
tive weight  of  the  brain  in,  98 — 
sensation  in  headless,  176  et  seq. — ■ 
spontaneous  movements  in  brain- 
less, 184  et  seq. — the  ground  on  which 
feeling  is  assumed  on  behalf  of 
them,  237 — this  proof  equally  ap- 
plicable in  case  of  decapitated,  ib. — 
manifestations  and  presumed  origin 
of  spontaneity  and  choice,  2.38 — ex- 
periments on  decapitated,  shewing 
spontaneity  and  choice,  239  et  seq. — 
the  sleep  of,  346 — permanency  of 
breed  of,  377 — colours  and  spots 
transmitted  in,  380. 

Animal  body,  amount  of  waste  fatal 
to  the,  i.  9. 

 diet,  not  always  strength-giving, 

i.  121. 

 efHuvia,  density  and  slow  dif- 
fusion of,  ii.  317. 

 food,  cases  in  which  poisonous, 

i.  69 — arguments  in  favour  of,  174. 

.  heat,  production  of,  as  a  source 

of  waste,  i.  17 — relations  of  rpspira- 
tion,  &o.  to,  454,    See  also  Heat. 

.  life,  wh.it,   as  distingpiished 

from  vegetable,  ii.  430 — or  relative 


life,  Bichat's  tb. — poouliar  to  ani- 
mals, )b. — its  organs  not  invariably 
symmetrical.  4H2 — the  so-called  law 
of  intermittence  as  characterising, 
432. 

Animal  organs,  the,  said  to  be  given 

by  the  male,  ii.  391,  398. 

 sensibility,  the  i-o-called.  ii.  77. 

 sijirits,  the  old  hypothesis  of, 

ii.  7. 

Animalcules,  animal  heat  o',  i.  412. 
Anterior  nerves,  muscular  sensibility 

derived  through  the,  ii.  37 — their 

sensory  function,  38. 
Antipathy,  cases  of,  as  regards  food, 

i.  60. 

Aorta,  the,  i.  295 — its  position,  230, 
320— effect  of  tying  it,  279— in  the 
fish,  324. 

Aplysia,  action  of  the  intestinal  juice 
in  the,  i.  229 — its  nervous  system, 

ii.  44. 

Apparent  death,  cases  and  phenomena 
of,  ii.  447. 

Appetite,  the  first  gradation  of  him- 
ger,  i.  3— periodicity  of  its  recur- 
reuce,  6 — the  sensation  of,  27 — 
increase  of,  with  cold,  184. 

Appetites,  origin  of,  in  systemic 
sensations,  ii.  117. 

Apricot,  sugar  in,  i.  139. 

Aqueous  humour  of  the.  eye,  the,  il 
327. 

Arab  horses,  influence  of  each  parent 
in  the  breeding  of,  ii.  391. 

Arbor  vitte,  the,  in  the  brain,  ii.  89. 

Arcet,  M.  d',  his  process  for  extraction 
of  gelatine,  i.  130. 

Aristotle,  definition  of  life  by,  ii.  424. 

Arnold,  Prof.,  opposition  of,  to  Sir 
Charles  Bell's  views,  ii.  30 — experi- 
ments on  the  posterior  nerves,  35. 

 ,  criticisms  of,  on  Marshall  Hall's 

observations,  ii.  IBS  —  his  work 
against  the  reflex  theory,  and  views 
on  the  spinal  cord,  229. 

Arterial  blood,  change  of,  to  venous, 
i.  242  —  distinction  between  it  and 
venous,  265 — views  of  the  ancients 
regarding  it,  298. 

 '  bulb,  the,  in  the  fish,  i.  324. 

Arteries,  belief  of  the  ancients  regard- 
ing, i.  297 — origin  of  their  name, 
298 — discovery  of  Galen  regarding, 
ib. — their  valves,  309 — rate  of  the 
circulation  in  them,  328  —  their 
action,  337. 

Ascidian,  nervous  system  of  the,  ii. 
44. 

Aselli,  discovery  of  the  Ivmphatics 

by,  i.  316. 
Asphyxia,  see  Suflcication. 
Ats's  milk,  caseine  in,  i.  125 — fat  in, 

135. 

Assimilation,  process  of,  within  the 
organism,  i.  52 — necessity  for,  as 


INDEX. 


457 


regards  the  fooil,  117— assume-l  to 
go  on  chieny  during  sleep,  u.  359— 
a  ooutinvious  process,  SiiO. 

Association  of  ide:is,  influence  of,  as 
regiirds  voluntary  and  involuntary 
actions,  ii.  -04. 

Astlev,  Mr,  taming  of  wild  animals 
by  thirst,  i.  38. 

Atavism,  what,  and  phenomena  refer- 
able to  it.  ii.  405. 

Atmosphere,  how  its  balance  is 
restored,  i.  393  et  seq. 

Attention,  relations  of,  to  sensation,  ii. 
5(}— 'lifference  between  it  and  con- 
sciousness, 53. 

Auditory  nerve,  the,  ii.  319. 

Auricles,  the,  i.  293,  294— in  the  fish, 
3-24.  . 

Auscultation,  importance  of.  for  de- 
termining the  reality  of  deatli,  ii. 
451. 

Austria,  horse-flesh  used  in,  i.  163. 

Austrian  hp,  the,  a  case  of  hereditary 
ti'ansmission,  ii.  3Si). 

Automatic  action,  relations  of,  to  sen- 
sation, ii.  58. 

Bachs,  the  congenital  musical  genius 
of  tlie,  ii.  402. 

Back,  tactile  sensibility  of  the,  ii.  297. 

Baden,  sale  of  horse-fle.sh  in,  i.  162. 

BaiUarger,  IP,  conclusions  of,  regard- 
ing the  white  and  gray  matters  of 
the  brain,  ii.  98. 

Bain,  Mr,  on  volition,  and  on  volun- 
tary and  involuntary  actions,  ii. 
208,  209  et  seq. — on  respiration,  279 
— on  the  musical  note,  322. 

Bake  well,  value  attached  to  the  ewe 
by,  ii.  397. 

Baking,  action  of,  on  meat,  i.  155. 

Baly,  Dr,  case  of  partial  loss  of  sensa- 
tion from,  and  examination  of  infer- 
ences from  it,  ii.  261 — on  the  excita- 
tion of  taste  hy  mechanical  stimuli, 
302. 

Barclay,  Captain,  command  over  sleep 

possessed  by,  ii  354. 
Bardeleben,  experiments  by,  with  salt, 

i.  142. 

Barley,  albumen  in,  i.  124 — gluten  in, 
128. 

 meal,  sugar  in,  i.  138. 

Bartholin,  discovery  of,  regarding  the 
lymphatics,  i.  317. 

Bathing,  eflfeets  of,  on  thirst,  i.  34. 

Beans,  nitrogen  in,  and  their  nutritive 
vahie,  i.  82 — gluten  in,  128. 

Beaumont,  Dr,  on  the  cause  of  the 
sensation  of  hunger,  i.  29 — on  the 
influence  of  fats  on  the  formation  of 
bile,  136  — table  of  dige.stiVjility  of 
various  meats  from,  157 — his  obser- 
vations on  the  gastric  juice,  diges- 
tion, &c.  201 — on  the  muscular 
action  of  the  stomach,  208. 


Beclard.  definition  of  life  by,  ii.  42.5. 
Bei'qucrel,  his  thcrmo-oloetrometer, 
i.  410. 

Beddoo,  Di-,  experiment  by,  on  the 

flesh  of  the  donkey,  i.  165. 
Bee,  the  br.ain  of  the,  the  sensibilities, 
&c.  manifested  by  it,  ii.  91,  93— 
affinity  between  its  winsrs  and  thoso 
of  the  bird,  93— and  between  their 
brains,  94. 
Beef,  muscle  of,  albumen  m,  i.  123— 
and  fibrine,  ii.— why  more  digest- 
ible than  veal  and  chicken,  152— 
boiled,  roasted,  &c.,  time  in  which 
digested,  157,  158. 
Beer  as  an  article  of  diet,  i.  175— how 

classed  by  Liebeg,  71. 
Beet-root,  sugar  in,  i.  139. 
Beetle,  the  nervous  system  of,  gangha 

of  head  and  body,  &c.,  ii.  178. 
Bell,  Sir  Charles,  the  discovery  of,  re- 
garding the  nerves,  ii.  26  et  seq. — 
views  of,  on  sensation,  143,  144— his 
so-called  muscular  sense,  280  et  seq.— 
case  recorded  by  him  illustrating  it, 
285. 

Bei'ard,  M.,  cases  of  alleged  fastmg 
from,  i.  13— on  the  life-sustaining 
power  of  water,  20— on  cases  of  ab- 
stinence from  liquids,  48— on  trans- 
fusion of  blood,  276— on  the  alleged 
discovery  of  Cfesalpinus,  304  — on 
that  of  Harvey,  ii.- on  respiration, 
358  —  on  the  so  -  called  olfactory 
nerves,  ii.  310. 
Berger  and  Delaroche,  experiments 

by,  on  animal  heat,  i.  420. 
Bergmann  and  Leuckhart,  their  defi- 
nition of  the  brain,  ii.  159. 
Berlin,  sale  of  horse-flesh  in,  i.  163. 
Bernard,  Claude,  experiment  by,  on 
a  dog,  i.  46 — experiments  by,  on  in- 
jection of  sugar,  &c.,  117— on  the 
conversion  of  gelatine,  134 — disco- 
very of  the  sugar-forming  power  of 
the  liver  by,  140  note— on  the  action 
of  the  saliva,  195  — on  chymifica- 
tion.  208— parallel  by,  between  the 
action  of  the  gastric  juice  and  boil- 
ing, 215 — on  the  action  of  bile  in 
the  stomach,  224— on  the  pancreatic 
juice,  226— the  digestive  tract  from, 
230,  320 — on  the  lacteals,  232 — re- 
searches of,  on  coagulaticm  of  blood, 
i58— on  venous  blood,  269— on  the 
quantity  of  the  blood.  272— experi- 
ments by,  on  vitiated  air,  374 — on 
respiration,  381  — and  on  carbonic 
oxide,  385 — experiments  of,  on  com- 
bustion and  respiration,  SOO-^^expe- 
riments  of,  on  the  nerves,  ii.  lb — 
hypothesis  of,  respecting  the  nerves, 
38— on  sensibility.  72— on  the  action 
of  the  Woorara  poison  on  the  nerves, 
79 — experiment  on  a  frog  by,  258 — 
case  from,  of  sense  of  smell  in  ab- 
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senoe  of  olfactory  nerves,  311— on 
the  relation  between  these,  313. 

Berthe,  classification  of  oils  by  their 
digestibility  by,  i.  135. 

Betz,  the  muscular  action  of  the  stom- 
ach denied  by,  1.  203  note. 

Beyer,  case  of  animation  in  brainless 
infant  recorded  by,  ii.  227. 

Bichat  on  the  tissues,  1.  3— views  of, 
on  the  capUlaries,  314 — and  on  re- 
spiration, 352— definition  of  life  by, 
ii.  425— his  classification  of  life,  430, 
431 — on  the  vegetal  and  animal  or- 
gans, 431 — his  laws  of  intermittence 
and  continuity,  432. 

Bidder  and  Schmidt  on  the  amount 
of  food  required,  i.  10 — on  the  func- 
tions of  water  in  the  body,  37 — re- 
searches of,  on  the  action  of  saliva 
on  starch,  198,  199 — on  the  acid  of 
the  gastric  juice,  209 — on  the  quan- 
tity secreted,  213 — on  the  effects  of 
fats  on  the  bile,  220 — on  the  action 
of  the  intestinal  juice,  229. 

Bile,  influence  of  fats  on  formation  of, 
i.  136— its  action  on  the  food,  220 — 
action  of  fjits  and  water  on  it,  221 — 
part  played  by  it,  222  et  seq. — excess 
and  deficiency  of,  as  a  cause  of  indi- 
gestion, 232. 

Bilharz  on  the  blood  parasite,  i.  252. 

Biliousness,  alleged  production  of,  by 
fats,  i.  221. 

Biology,  importance  of  form  in,  i.  112. 

Bu-d,  the,  constancy  of  its  tempera- 
ture, 1.  406 — its  wings  and  those  of 
the  bee,  ii.  93 — analogy  between  the 

■  brains  of  the  two,  94. 

Birds,  power  of  resisting  starvation 
among  different  clas.-es  of,  i.  11 — 
the  flesh  of,  as  an  article  of  diet, 
158— the  blood  discs  in,  244,  216— 
the  valves  in  their  veins,  307 — respi- 
ratoiy  organs  in,  362 — respiration 
and  animal  heat  among,  447 — the 
cerebral  development  of,  ii.  91  — 
effects  of  the  removal  of  the  cere- 
bellum on,  124 — ^I'elations  of  the  lat- 
ter to  the  vertebral  column  in, 
127. 

Birth,  cases  of,  without  a  heart,  i.  323. 

Bischofif,  estimate  of  the  quantity  of 
the  blood  by,  i.  273. 

Black  Hole  of  Calcutta,  Mr  Holwell's 
narrative  of,  i.  38  et  seq. 

Black  pigment  of  the  eye,  the,  ii.  326, 
332  —  peculiarity  of  it  in  inverte- 
brates, 333 — its  importance  in  rela- 
tion to  sight,  334. 

Blainville,  M.  de,  on  the  supposed  dis- 
covery of  Cresalpinus,  i.  303 — defini- 
tion of  life  by,  ii.  425. 

Blind,  sensibility  of  the,  to  sound,  ii. 
325. 

Blindness,  congenital,  its  frequency, 
ii. 


Blondlot,  experiments  on  dogs  by,  i. 
202 — on  the  muscular  action  of  the 
stomach,  203  —  on  chymification. 
208. 

Blood,  effects  of  starvation  on  the,  i  8 
— as  a  food,  how  classed  by  Liebig, 
71 — different  views  of  the  chemist 
and  the  auatomist  on,  79,  80 — ^i>ro- 
portion  of  salt  in  it,  104— regarded 
as  a  standard  of  food,  115— reasons 
against  its  being  so,  116 — experi- 
ments on  feeding  with,  118 — fibrine 
in,  124 — the  clot,  ib. — iron  in,  147 
— efi'ects  of  vegetarianism  on,  175 
— the  function  of  diKCstiun  to  make 
it,  193— the  river  of  life,  239— the  so- 
caUed  purifying  it,  240— quantity  of 
nutritive  matter  and  waste  conveyed 
by  it,  241 — its  weight,  H>. — its  change 
from  arterial  to  venotis,  242 — ^^'ariety 
of  substances  Ciuried  hy  it,  ib. — the 
discs,  243 — the  colourless  corpuscles, 
249  et  seq. — ^parasite  in  it,  251 — is  it 
alive,  254 — its  Uquid  plasma,  255 — 
cases  in  which  not  coagulable.  258 — 
cause  of  the  coagulation,  259 — its 
chemical  composition,  261  el  seq. — 
arterial  and  venous,  265 — its  quan- 
tity, 271— the  letting  of,  274— trans- 
fusion, ib. — what  are  the  vivifying 
elements  in,  278 — it  nourishes  and 
stimulates,  281 — oxygenation  of,  the 
result  of  respiration,  356,  359 — state 
in  which  carbonic  acid  and  oxygen 
exist  in,  371  —  effects  of  carbonic 
oxide  on,  385,  386  —  excitation  of 
taste  by  reaction  through  it,  ii.  306. 

  circtilation  of  the,  its  wonders, 

i.  270 — did  Harvey  discover  it,  291 — 
diagram  of  it,  293 — its  cotirse  from 
the  heart,  &c.,  294 — histury  of  its 
discovery,  296  et  seq. — errors  of  the 
ancients,  297 — the  general,  discover- 
ed, 302— discovery  of  the  valves  of 
the  veins,  305 — gaps  in  Harvey's 
doctrine,  310 — the  capillaries  dis- 
covered, 312 — and  the  lymphatics, 
315 — its  com-se  recapitulated,  319 — 
cause  of  it,  322 — it  without  a  heart, 
323 — its  rapidity,  327 — action  of  the 
arteries,  337— of  the  capillaries,  338 
tt  seq. 

 cells,  the  vivifying  element  in 

the  blood,  i.  280— their  power  of  ab- 
sorbing oxygen,  281 — their  relation 
to  nutrition,  2S4  et  seg. 

  discs,  rei^resentation  of  the,  i. 

8,  243  et  influence  of  their  form, 
&c.,  246— their  structm-e,  247 — ana- 
lysis of  them,  263. 

Bloodhoinid,  the,  why  it  hrints  with 
its  nose  to  the  ground,  ii.  317. 

Blood-lotting,  extraordinaiy  cases  of, 
i.  274. 

Blundell,  revival  of.  transfusion  of 
blood  by,  i.  276. 
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Bocker,  Dr,  experiments  of,  on  the 
action  of  tea,  i.  176. 

Body,  the.  the  comparison  of  it  to  a 
steam-engine  examined,  i.  7 — large 
proportion  of  water  in,  36 — its  intla- 
ence  on  the  food,  63— everywhere 
animated  by  the  soul,  ii.  224. 

Body-sensations  of  Prochaska,  the,  ii. 
i-2. 

Boerhaave,  seat  assigned  the  senso- 
rium  by,  ii.  41. 

BoOeau,  reception  of  Harvey's  doc- 
trine by,  i.  310. 

Boiling,  action  of,  on  meat,  i.  155 — re- 
sembLmce  of  the  action  of  the  gas- 
tric juice  to,  215. 

Bolivia,  clay  eating  in,  i.  54. 

Bomare,  on  hybrids  between  wolf  and 
dog,  ii.  399. 

Bones,  effects  of  starvation  on  the, 
i.  22 — phosphate  of  lime  indis- 
pensable to,  100 — the  extraction  of 
gelatine  from,  130 — nutritive  pro- 
perties of,  132,  133, 

Bone  soup,  innutritious  qualities  of, 
i.  130,  131,  132. 

Benito,  temperature  of  the,  i.  409. 

Borelli,  researches  of,  on  coagulation 
of  the  blood,  i.  257. 

Bosjesmans,  gluttony  of  the,  i.  183. 

Bouchut,  M.,  on  auscultation  in  de- 
termining the  reality  of  death,  ii. 
451. 

Bouillaud,  experiments  of,  on  the 
cerebrum,  ii.  106 — views  of,  as  to 
the  cerebellum,  125,  136. 

Bourbon  nose,  the,  a  case  of  heredi- 
tary transmission,  ii.  380. 

Boutekoe,  seat  assigned  the  sensorium 
by,  ii.  41. 

Bronchio-cephalic  veins,  the,  destitute 
of  valves,  i.  307. 

Braid,  Mr,  cases  of  simulated  death 
from,  ii.  448. 

Brain,  the,  influence  of  starvation  on, 
i.  22,  23 — proportion  of  fat  in  it,  76 
— its  relations  to  sensation,  &o.,  ii.  4 
— views  held  regarding  it,  5— views 
of  Prochaska  on  it,  42 — the  gray  and 
white  matters  of,  43  —  identity  of 
organic  relation  between  ganglia 
and  it,  45 — long-continued  miscon- 
ception regarding  it,  83 — it  cun-ently 
regarded  as  the  sensorium  commune, 
84 — proof  that  it  is  not  so,  ib.  et  seq. 
— inconsistencies  of  physiologists  re- 
garding it,  85 — its  structure,  87 — 
view  of  its  component  parts,  &c. , 
88,  89 — diagi'am  of  vertical  section, 
90 — its  development  in  the  different 
vertebrates,  ib. — connection  of  in- 
telligence with  it,  91 — its  essential 
identity  in  the  bird  and  the  bee, 
94 — shewn  by  comparative  anatomy 
to  be  not  the  solo  centre  of  sensa- 
tion, 96— its  weight  in  man,  .&c.,  97 


— tho  white  and  the  gray  matter,  98 
— functions  of  Cerebrum,  99 — the  re- 
searchesand  conclusions  of  Flourens, 
&c.,  &c.,  on  the  efl'ects  of  removing 
the  Cerebrum,  104  et  seq. — relative 
size  of  it  in  different  animals,  and  re- 
lations of  this  to  their  intelligence, 
120 — functions  of  the  Cerebellum, 
121  et  seq. — functions  of  tho  Medulla 
Oblongata,  137  —  summary  of  its 
functions,  149 — proofs  of  voluntary 
movement  after  its  removal,  1S4— 
reflex  action  in  it,  191  et  seq. — errors 
arising  from  holding  it  to  be  the 
sole  seat  of  sensation,  234 — propor- 
tion home  by  spinal  cord  to,  in 
different  animals,  265 — visualimages 
not  transmitted  as  such,  to,  329— 
excitement  of  it  prevents  sleep,  356 
—  temporary  congestion  of  it  the 
cause  of  sleep,  358,  363 — restorative 
power  of  sleep  with  regai-d  to  it,  361 
its  activity  during  sleep,  373 — pro- 
bable action  of  it  in  di'eams,  366 
et  seq. 

Brains  as  an  article  of  diet,  i.  159. 

Bread  countries,  the,  as  defined  by 
Schouw,  i.  172. 

Breathing,  as  a  source  of  waste  in  the 
body,  i.  18 — water  thrown  off  in,  34 
— an  example  of  reflex  action,  ii.  57 
— relations  of,  to  the  wUl,  198.  See 
also  Respiration. 

Breathing-mechanism,  the,  i.  355.  See 
Respu'ation. 

Breed,  permanency  of,  ii.  377. 

Bronchial  tubes,  the,  i.  295  —  their 
office,  36-4 — representation  of,  365. 

Bronchitis,  what,  i.  364. 

Brothers,  frequent  differences  of  char- 
acter among,  ii.  379. 

Brown,  Sequard,  on  transfusion  of 
blood,  i.  276 — researches  of,  on  the 
blood  cells,  281 — on  the  functions  of 
oxygen  and  carbonic  acid  in  it,  ib. 
et  seq. — on  animal  heat,  447 — expe- 
riments by,  on  the  posterior  nerves, 
ii.  35 — cases  recorded  by,  of  destnac- 
tion  of  the  cerebeUura,  132 — expe- 
riments of,  on  Flourens's  vital  point, 
146 — on  the  muscular  sense,  285. 

Bruch  on  venous  and  arterial  blood, 
i.  268. 

Brlicke,  views  of,  on  the  coagulation 
of  the  blood,  i.  261. 

Brunner's  gland,  i.  228. 

Buckle,  Mr,  his  views  as  to  inherited 
qualities  examined,  ii.  376  et  seq. 

Budd,  Dr,  on  the  value  of  vegetable 
acids,  i.  148. 

Buffon  on  hybrids  between  wolf  and 
dog,  ii.  399. 

Burdach  on  the  life-sustaining  power 
of  water,  i.  20 — experiments  by,  on 
feeding  i-abbits,  179 — on  the  trans- 
mission of  colour,  ii.  399, 
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Busk,  Mr,  on  the  blood  discs,  i.  249 
note. 

Butter,  proportion  of,  in  milk,  i.  119. 
Byron,  Admiral,  experiences  of,  after 
starvation,  i.  6. 

Cabbage,  gluten  in,  i.  128. 
Caisalpinus,  discovery  of,  regarding 

the  circulation,  i.  302. 
Calamus  scriptorius,  the,  ii.  146. 
Calmeil,  views  of,  on  the  spinal  cord, 

ii.  228. 

Calcar,  the  illustrator  of  Vesalius,  i. 
299  note. 

Camper,  seat  assigned  the  sensorium 
by,  ii.  41. 

Cannibalism,  congenital  tendency  to, 
ii.  385,  386. 

Capillaries,  the,  i.  241 — on  the  Uver, 
242 — transmission  of  fluids  through 
their  walls,  107— not  knoT\'n  to  Har- 
vey, 292 — discovery  of  them,  312 — 
rate  of  the  circulation  in,  327,  328 — 
their  action  in  the  circulation,  338 
— supposed  cause  of  it,  339  et  seq. 

Capillary  circulation,  continuauce  of, 
after  death,  i.  326. 

Carbon,  proportion  of,  in  the  blood,  1. 
262 — oxidation  of,  the  alleged  cause 
of  animal  heat,  440. 

Carbonic  acid,  proportion  of,  in  venous 
and  arterial  blood,  i.  206 — its  origin, 
267 — its  function  in  the  blood,  281 
et  seq. — suffocation  by,  347 — propor- 
tion of,  in  air,  354 — its  removal  by 
respiration,  368 — apparatus  for  shew- 
ing this,  369 — state  in  which  it  ex- 
ists in  the  blood,  371— its  presence 
an-ests  respiration,  378  et  seq. — pro- 
portion which  is  fatal,  381,  382 — not 
directly  poisonous,  383 — how  re- 
moved from  the  atmosphere,  393 
ct  seq.  —  its  effects  on  odours,  ii. 
315. 

Carbonic  oxide,  poisonous  character  of, 
i.  384 — experiments  on,  385. 

Carburetted  hydrogen,  why  inodo- 
rous, ii.  314. 

Camivora,  the,  their  power  of  resist- 
ing starvation,  i.  11 — peculiarities  of 
their  feeding,  ib. — feed  chiefly  cn 
herbivora,  116  note. 

Carotid  artery,  the,  i.  230,  320. 

C'lrpenter,  Dr,  on  the  use  of  alcohol, 
i.  143— on  circulation  apart  from  the 
heart,  323 — on  the  emptying  of  the 
arteries  after  death,  326  —  on  the 
cerebellum  in  the  mammalia,  ii. 
128 — on  reflex  action  in  the  brain, 
191  et  seq. — on  taste  in  the  lower  ani- 
mals  as  a  security  against  poison- 
ing, 304. 

Cams,  opposition  of,  to  the  reflex 

theory,  ii.  229. 
Casc'ine,  proportion  of,  in  milk,  i.  119 

— as  an  alimentary  princ  ple,  125. 


Cat,  the,  its  diet,  i.  02. 
Caviare,  albumen  in,  i.  123 — oil  In, 
134. 

Cell,  the,  acts  as  such  only  while  re- 
taining that  form,  i.  112 — life  of,  ii. 
419,  421,  426  et  seq. — description  of 
it,  427 — the  ultimate  form  of  organic 
life,  428. 

Cells,  proportion  of,  in  blood,  i.  262. 
Centipede,  nervuus  system  of,  ii.  45 — 

analogy  of  its  nervous  sj'stem  to 

that  of  man,  83. 
Cereals,  the,  albumen  and  fibrine  in, 

i.  124. 

Cerebellum,  the,  its  position,  ii.  88— 
disposition  of  gray  and  white  matter 
in  it,  89,  98 — its  relative  weight  in 
man,  97— its  fimctions,  121 — its  com- 
position, ib. — its  position,  &c.,  122 — 
GaU's  hypothesis  regarding  it,  ib. — 
experiments,  &c.,  of  Flourens,  123 
— the  hypothesi-s  that  it  is  the  seat  of 
muscular  co-ordinatiou,  lv;4  et  seq. — 
its  relation  to  muscular  movements, 
126— experiments,  iic,  of  Schifif,  126 
— influence  of  disease,  128  ct  seq. — 
case  in  which  wanting,  129 — conclu- 
sions from  this  case,  131  et  seq. — not 
the  seat  of  muscular  co-ordination, 
133 — a  seat  of  sensation  and  volition, 
ib. 

Cerebral  excitement  prevents  sleep, 

ii.  356. 

Cerebro-spinal  axis,  the,  ii.  14,  87 — in 
the  insect,  88. 

Cerebrum,  the,  its  position,  ii.  88 — its 
convolutions,  89 — its  relative  weight 
in  man,  97 — arrangements  of  gray 
and  white  matter  in,  ib.,  98— its 
fimctions,  99 — effects  of  pressure 
on  it,  100 — case  illustrating  eflects 
of  pressure  on  it,  101 — the  researches 
of  Flom'eus  regarding  it,  104  et  srq. 
— effects  of  its  removal  on  memory, 
105,  lu7 — experiments  &c.,  of  Bouil- 
laud  on  it,  106 — of  Longet  and  of 
Dalton,  108 — conclusions  of  the  lat- 
ter ivs  to  dependence  of  intellectual 
sensations  on  it,  109 — general  con- 
clusions from  these  experiments,  112 
— what  are  its  functions,  113 — no 
nerves  originate  in  it,  ib. — views  of 
Prochaska,  <S:c.,  on  it,  ib. — its  i-el.i- 
tioiis  to  sensibility,  ib.  et  seq. — sub- 
division of  its  sensibilities,  114  — 
difficulty  with  regard  to  this,  115 — 
hypothesis  proposed,  ib. — depeud- 
eoce  of  the  spinal  cord  on  it,  119 — 
the  seat  of  intelligence  and  emotion, 
260. 

Chabert,  the  fire  king,  i.  416. 
Chambers,  Dr,  on  the  action  of  tea, 

die,  i.  176.  177— on  the  importance 

of  mastication,  200. 
Chanibon  on  hereditary  (r.msmission 

of  colours  in  animals,  ii.  3S0. 
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Cliarcoal,  suffocation  ty  fumes  of,  i. 
347. 

Cheek,  tactile  sensibility  of  the,  ii. 
297. 

Cheese,  casoine  in,  i.  125 — eSects  of, 

on  flavour  of  wines,  ii.  305. 
Chemical  action,  intimate  connection 

of,  with  vitality,  ii.  'tis. 
 affinities,  not  controlled  by  life, 

ii.  417 — effect  of  light  on,  i.  111. 
.   laws,  inadequate  to  explain 

physiological  phenomena,  i.  dG — 

cause  of  this,  68. 
  process,  the,  in  digestion,  i. 

193. 

 theory  of  food,  errors,  &o.  of 

the,  i.  67  et  seq. — its  insufficiency, 
11-2,  113. 

Chemist,  views  of,  on  muscle,  con- 
trasted with  the  anatomist's,  i.  'jti— 
and  on  blood,  79. 

Chemistry,  true  relations  of,  to  the 
science  of  food,  i.  6.'1 

Cherries,  sometimes  pernicious,  i.  60 
— sugar  in,  139. 

Cheselden,  experiments  of,  on  the 
effects  of  piercing  the  tymp;mum, 
ii.  320. 

Chest,  tactile  sensibility  of  the,  ii. 
29T. 

Chev.'ing  the  food,  the,  not  universally 

a  pan  of  digestion,  i.  193. 
Cheyne,  Dr,  case  of  control  over  the 

heart  recorded  by,  ii.  223. 
Chicken,  muscle  of,  albumen  in,  i. 

123 — and  fibrine,  ib. — why  less 

digestible  than  beef,  152. 
Child,  the  sleeping,  illustrations  of 

choice  from,  ii.   211 — iDicture  of, 

asleep,  347. 
Cliildren,  necessity  of  caution  as  to 

diet  of,  i.  61. 
Chloride  of  sodium,  presence  and  im- 
portance of,  in  the  body,  i.  103. 
Chlorine,  effect  of  light  on  its  affiniiy 

with  hydrogen,  i.  111. 
Chocolate,  as  an  article  of  diet,  i. 

175. 

Choice,  manifestation  of,  and  its  pre- 
sumed origin  in  animals,  ii.  238 — 
implies  sensation  and  volition,  239 
— indications  of  it  in  decapitated 
animals,  ib.  et  seq.,  243  et  seq. 

Choroid  coat  of  the  eye,  the,  ii.  326. 

Chossat,  the  experiments  of,  on  inani- 
tion, i.  9,  12,  21 — experiments  by,  on 
•withholding  phosphate  of  lime,  100 
— and  on  the  influence  of  fasting  on 
temperatiu-e,  434,  435. 

Chyle,  nature  of  the,  i.  229— what,  315. 

Chyme,  what,  i.  206— representation 
of,  207. 

Circulation  of  the  blood,  the,  its  dis- 
covery, i.  291 — continuovis,  ii.  433 — 
cessation  of  it  as  a  sign  of  death, 
450.   See  also  Blood. 


Civillo,  Franjois,  the  caso  of,  ii. 
447. 

Clarke,  Dr  E.,  on  the  uses  of  the  tym- 
panum, ii.  320. 

 Lockhart,  views  of,  on  the  cere- 
bellum, ii.  133 — on  tlie  medulla 
oblongata,  139  note — his  microscopic 
preparations  of  the  spinal  cord,  270 
et  seq. 

Clay,  allaying  of  hunger  by  eating,  i. 
30. 

Clay-eaters,  tribes  of,  i,  53  et  seq. 
Climate,  influence  of,  on  demand  for 

food,  i.  182. 
Clot  of  the  blond,  the,  i.  124,  250. 
Clypcus,  peculiarity  regarding  the, 

i.  277  note. 
Coagulation  of  the  blood,  the,  i. 

250. 

Cochin   fowls,    on   hybrids   of,  ii. 

395. 

Cochrane,  Captain,  on  the  gluttony  of 
the  Yakuti,  i,  185. 

Cocoa  nut,  oil  in,  i.  134. 

Ccecum,  tho,  i.  219 — its  position,  <Sic., 
230,  231,  320. 

Coffee,  thirst  increased  by,  i.  33 — cases 
in  which  pernicious,  60  —  as  an 
article  of  diet,  175,  176— effects  of, 
on  respiration,  371. 

Cold,  influence  of,  on  the  circulation, 
i.  342— stupefying  effects  of,  439 — 
when  dangerous,  26. —the  sensation 
of,  ii.  291 — anecdote  shewing  its 
power  to  produce  sleep,  352  et  seq. — 
moderate,  prevents  it,  356. 

Cold-blooded  animals,  influence  of 
temperature  on  feeding  of,  i.  6 
—  compared  with  warm-blooded 
as  regards  starvation,  10 — cii'cula- 
tion  after  removal  of  heart  in,  325 — 
can  breathe  in  air  irrespirable  by 
warm-blooded,  379 — effects  of  tem- 
perature on  respiration  of,  400 — 
distinction  between,  and  warm- 
blooded, 413  et  seq. — respiration  and 
animal  heat  among,  446. 

Cold  climates,  alleged  gi'eater  con- 
oumption  of  heat-producing  food  in, 

i.  87 — great  con.sumi^tion  of  fat  in, 
89 — increased  demand  for  food  in, 
182. 

Colin  and  Berard  on  the  action  of  the 

pancreas,  i.  227. 
Colliers,  case  of,  shut  up  without 

food,  i.  27. 
Colombo,  the  pulmonary  circulation 

discovered  by,  i.  302. 
Colon,  the,  i.  219 — its  position,  &c., 

230,  231,  320. 
Colour,  hereditary  ti'ansmission  of,  in 

animals,  ii.  380 — from  which  parent 

derived,  398  et  seq. 
Colour-blindness,  the  phenomena  of, 

ii.  341. 

Colourless  corpuscles,  the,  in  the 
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blood,  i.  249— resemble  the  amoeba, 
250. 

Combette,  case  recorded  by,  of  absent 
cerebellum,  and  conclusions  from  it, 
ii.  129  et  seq. 

Combustion,  theory  of  respiration 
being  identical  with,  i.  390. 

Comparative  anatomy,  value  of,  in  tbe 
study  of  life,  &c.,  ii.  86,  87— teach- 
ing of,  regarding  the  ganglia  and 
the  brain,  94,  90. 

Concentrated  and  diluted  agents,  dif- 
ference between  action  of,  i.  142  c(  seq. 

Condillac,  the  hypothetical  statue  of, 
ii.  344. 

Conditions,   influence   of  different, 

witli  regard  to  food,  1.  109. 
Congestion,  partial,  the  cause  of  sleep, 

ii.  363. 

Conscious  sensibility,  the  so-called,  ii. 
72. 

Consciousness,  connection  of  the  ner- 
vous system  with,  ii.  6  —  various 
definitions  of,  48 — distinction  be- 
tween, and  attention  in  relation  to 
sensations,  42 — relation  of,  to  sensa- 
tion, 61 — concurrence  of  all  our  sen- 
sations to  form,  65 — that  of  exist- 
ence, 66— general,  69— particular, 
ib. — the  various  forms  of — the  sys- 
temic, 74  —  the  sense,  77  —  the 
thought,  ib. — ambiguity  in  use  of 
the  word,  and  confusion  from  this, 
194,  195. 

Constitution,  parental  influence  on, 

ii.  384  et  seq. 
Constructive  association,  Mr  Bain  on, 

ii.  217. 

Consumption,  hereditary  transmission 
of,  ii.  384,  385. 

Continuity,  Bichat's  law  of,  ii.  432. 

Contractility,  muscular,  analogy  be- 
tween, and  nervous  sensibility,  ii. 
73,  195. 

Control,  definition  of,  with  regard  to 
action,  ii.  201 — its  connection  with 
reflex  feeling,  202  et  seq. 

Convalescence,  peculiarities  of  appe- 
tite dm-ing,  i.  6. 

Convolutions,  supposed  influence  of, 
in  the  brain,  ii.  98. 

Cooking,  action  of  various  kinds  of, 
on  meat,  i.  154  et  seq. 

Cooper,  Sir  Astley,  case  of  long-con- 
tiimed  insensibility  recorded  by,  ii. 
101 — case  of  partial  paralysis  re- 
corded by,  135. 

Comaro,  quantity  of  food  consumed 
by,  i.  181. 

Cornea  of  the  eye,  the,  ii.  326. 

Corpora  quadrigemina,  the,  by  some 
included  in  the  brain,  ii.  90 — their 
functions,  137. 

  striata,  the,  in  the  brain,  ii. 

90 — their  functions,  137. 

Coi'pus  callosum,  the,  in  the  brain,  ii. 


89 — held  to  be  the  seat  of  the  senso- 
rium,  41. 

Cow,  the,  its  flesh,  i.  153 — transmis- 
sion of  colour  in,  ii.  380. 
Cow's  milk,  caseine  in,  i.  12fi — fat  in, 

135. 

Crime,  hunger  a  stimulus  to,  i.  2. 
Cruciferse,  the,  rejected  by  the  horse, 
i.  62. 

Crura  cerebri,  the,  ii.  138. 
Crustacea,  respiratoiy  organs  in  the, 

i.  36i' — the  blind,  the  eye-pigment 
wanting  in,  ii.  334. 

Crystalline  humour  of  the  eye,  the.  ii. 
327. 

Curd  of  milk,  the,  i.  125. 

Cuticle  or  scarf  skin,  the,  i.  35. 

Cutis  or  true  skin,  the,  i.  35. 

Cuvier  on  the  alleged  discovery  of  Ser- 
vetus,  i.  301 — on  the  conclusions  of 
Flourens  regarding  the  cerebrum, 

ii.  112. 

 P.,  on  transmitted  qualities,  ii. 

409. 

D  ALTON,  J.  analysis  of  vitiated  air  by,  i. 
354 — ^the  colour-blindness  of,  ii.  341. 

 Dr,  experiments,  ifcc.,  of,  on  the 

effects  of  tbe  removal  of  the  Cere- 
brum, ii.  108 — his  conclusions  re- 
garding the  latter,  109  tt  seq. — on 
the  effects  of  injmy  to  it  in  man, 
111 — observations  on  a  fowl,  ib. 

Daltonism,  what,  ii  341. 

Damiens,  the  regicide,  anecdote  of,  ii. 
352. 

Dauney,  5L,  experiments  on  heredi- 
tary transmission  in  rabbits,  ii.  387. 

Dareste,  M.,  on  the  white  and  gray 
matters  of  the  brain,  ii.  98. 

Darkness,  effects  of,  on  respiration,  i. 
371. 

Daumas,  Gener.al,  on  the  influence  of 
each  parent  in  the  Arab  horse,  ii. 
391. 

Daw,  Dr  John,   on  non-coagulable 

blood,  i.  259. 
Deal,  a  Frenchman,  singular  suicide 

of,  i.  347. 

Death,  slow  or  siidden,  different  effect 
of,  on  the  heart,  i.  335 — no  analogy 
between  Sleep  and,  il  348 — appear- 
ance of,  contrasted  with  life,  412 — 
the  necessary  issue  of  life,  442 — is 
determined  by  the  changes  of  life, 
443— what  it  is,  444— that  of  the 
parts,  445 — of  the  organism,  ib. — 
apparent,  447 — the  signs  of  it,  449 
et  seq. 

De  Candolle,  views  of,  on  the  influ- 
ence of  each  parent  on  plants,  ii. 
391. 

Democritus,  his  theory  of  vision,  ii. 

327. 

Denis,  transfusion  of  blood  by,  i.  275. 
Derma,  the,  i.  35. 
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Descartes,  reception  of  Harvey's  doc- 

trine  by,  i.  310— seat  assigned  to  the 

sensorium  by,  ii.  41. 
Development  or  Differentiation,  the 

law  of,  as  one  of  the  laws  of  life,  ii. 

429. 

Dextrine,  ready  conversion  of  starch 

into,  i.  lur,  227. 
Diastole  of  the  heart,  what,  i.  329. 
Dietaries,  table  of  v;irious,  1.  1S7,  188. 
Dietrich  on  pulsation  after  death,  i. 

336. 

Differentiation,  the  law  of,  ii.  429. 

DigestibiUt.y  essential  to  estimate  of 
food,  i.  115— not  the  sole  test  of  nu- 
tritiveness,  152. 

Digestion,  influence  of  vegetable  acids 
on,  i.  148 — importiince  of,  to  health 
and  comfort,  190— complexity  of  the 
process,  191 — its  function,  193 — pro- 
cess in  the  mouth,  194 — in  the  stom- 
ach, 201 — in  the  intestines,  219 — the 
tract  of,  230— causes  of  bad,  232— 
arrested  in  the  stomach  by  bile,  223 

 influence  of  the  nei-vous  system 

on,  233— effects  of,  on  respiration, 
371 — is  intermittent,  ii.  433. 

Digestive  fluids,  the,  proportion  of 
water  in,  i.  37. 

 tract,  view  of  the,  i.  230. 

Discs,  the,  in  the  blood,  i.  243. 

Disease,  death  from,  445,  446. 

Distoma  hrematobium,  the,  i.  252. 

Dog,  the,  diet  of,  i.  62— hybrids  be- 
tween, and  the  wolf  and  iox,  ii.  394, 
399,  400  et  aeq. 

Dogs,  experiments  on  feeding,  on 
gluten,  ifec,  i.  82 — ti-ansmission  of 
peculiaiities  in,  ii.  382,  3S4. 

Donders,  researches  of,  on  the  action 
of  saliva  on  starch,  i.  198. 

Donkey,  the  flesh  of,  as  an  article  of 
diet,  i.  165. 

Donne,  M.,  experiments  of,  on  gela- 
tine, i.  131. 

Dormouse,  loss  of  weight  by,  during 
its  winter  sleep,  i.  IS. 

Dowler,  Dr  B.,  on  phenomena  after 
death  from  yellow  fever,  i.  327 — on 
animal  heat  after  death,  444. 

Draper,  Professor,  on  the  colourless 
coi-puscles  of  the  blood,  i.  252 — on 
the  circulation  in  the  liver,  323 — his 
hs^pothesis  of  the  action  of  the  capil- 
laries, 339  eJsC5. — histheory  of  vision, 
333  et  seq. 

Dreams,  the  current  views  of,  and 
their  defects,  ii.  365 — definition  of 
366 — action  of  the  brain  in,  367 — 
influence  of  subjective  sensations 
in,  368 — theory  of,  369  et  seq. — their 
coherence  and  incoherence,  370 — ■ 
we  are  surprised  but  not  an-ested 
by  the  latter,  371— influence  of  the 
systemic  sensations  in,  372 — alleged 
unconsciousness  of,  373. 


Drowning,  deatli  by,  i.  S4S,  388— its 

cause,  349. 
Drum  of  the  ear,  the,  see  Tymiianum. 
Dnmkenness,  how  it  causes  double 

vision,  ii.  340. 
Dublin  hospital,  effects  of  ventilation 

illustrated  in,  i.  373. 
Dubois,  Eeymond,  on  nerve  force,  ii. 

18. 

Duck,  time  in  which  digested,  i.  159. 

Duges,  definition  of  life  by,  ii.  425. 

Diiiker,  the,  its  power  of  subsisting 
without  water,  i.  48. 

Duodenum,  the,  i.  219,  220— its  posi- 
tion, cfcc,  230,  231,  320. 

Duti-ochet,  the  thermo-electrometer 
of,  i.  411. 

Dyspepsia,  see  Indigestion. 

Ear,  the,  as  the  organ  of  hearing,  ii. 
317 — description  and  sections  of  it, 
318  ei  seq. 

Ears,  power  of  moving  the,  sometimes 

possessed,  ii.  222. 
Eating,  effects  of,  on  respiration,  i. 

399. 

Ecker  on  the  hydi-a,  i.  251  note — on 
double  vision  in  the  drunken  man, 
ii.  340. 

Ec.khard  on  the  nervous  system  of  the 
heart,  i.  333. 

Edwards,  W.  F.,  bis  researches  on  re- 
spiration, i.  352. 

  observations   of,   on  animal 

heat,  i.  426,  428,  429,  430,  451 -expe- 
riments of,  on  frogs,  &c.,  453. 

 and  Balzac,  the  memoii-  of,  on 

gelatine,  i.  131. 

Egg,  the,  inexplicable  by  chemistry, 
i.  65 — white  of,  its  nutritive  value, 
122— sugar  in,  140. 

Eggs,  cases  in  which  pernicious,  i.  60 
— yolk  of,  on.  in,  134 — as  an  article 
of  diet,  169. 

Ehrenberg,  analysis  of  edible  clay  by, 
i.  54. 

Eland,  the,  its  power  of  subsisting 
without  water,  i.  47 — its  flesh,  166. 

Electric  action,  relations  of,  to  the 
sensibility  concerned  in  muscular 
adjustments,  ii.  287. 

Electrical  stimuli,  sensation  of  tasto 
excited  by,  ii.  302,  303. 

Electricity,  hypothetic  identity  of 
nerve  force  with,  ii.  S. 

Emotion,  relations  of,  to  sensation,  ii. 
117,  lis — how  it  affects  the  action 
of  the  heart,  148. 

Emotional  excitement,  effects  of,  on 
respiration,  i.  399. 

Encephalon,  the,  or  Brain,  see  Brain. 

Endosmometer,  the,  i.  100. 

Endosmose,  the  law  of,  tod  its  promo- 
tion within  the  body  by  salt,  i.  105, 
106 — action  of,  in  the  circulation, 
314. 
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England,  increased  attention  to  venti- 
lation in,  i.  373. 

Ephemerom,  the  blood  discs  in  the 
larva  of,  i.  245  note. 

Epidermis,  the,  i.  35 — eflfect  of  its  de- 
struction on  tactile  sensibility,  ii. 
298. 

Epigenesis,  Wolff's  doctrine  of,  i.  286. 
Epithelium,  the,  what,  i.  218  note. 
Esquimaux,  the,  unprolific,  i.  108 — 

food  consumed  by,  185; 
Essential  oils,  the,  as  condiments,  i. 

137. 

Etherisation,  sensation  during,  ii. 
64. 

Euphorbia,  the,  the  food  of  the  black, 
and  deadly  to  the  -white  rhinoceros, 
i.  62. 

Ewe's  mUk,  caseine  in,  i.  125 — fat  in, 
135. 

Exoito-motor  actions,  the  so-called,  ii. 
165,  193. 

Excito-motory  fibres,  the  supposed, 

now  rejected,  ii.  173. 
Exercise,  value  of,  to  the  dyspeptic, 

i.  233 — influence  of,  in  counteracting 

cold,  439. 

Existence,  the  sensations  which  con- 
stitute the  consciousness  of,  ii.  66. 

Exosmosis,  what,  i.  106. 

Expqi'iment,  true  value  of,  as  regards 
the  study  of  life,  <Sec.,  ii.  87. 

External  medium  and  conditions,  in- 
fluence of,  on  life,  ii.  434. 

Extra-tropical  vegetables,  the,  i.  171. 

Eye,  the,  as  the  organ  of  sight,  ii.  325 
— description  of  it,  326— struct\ire, 
&c,,  pf  the  retina,  330— the  black 
pigment,  332 — the  blind  spot  in  the, 
— duration  of  impressions  on  it, 
338 — single  vision,  339. 

Eyes,  effects  of  starvation  on  the,  i. 
-21. 

Pace,  cotaparative  sensitiveness  of 

the,  ii.  290— cadaverous  aspect  of, 

as  a  sign  of  death,  449. 
Pamilies,  diversities  of  character,  &c., 

in,  ii.  379. 
Family,  the,  not  the  type  of  the  state, 

i.  66. 

Fasting,  amount  of  waste  caused  by, 
fatal,  i.  9— prolonged,  examination 
of  cases  of,  10,  13  et  seg.— physiolo- 
gical arguments  against  these,  16 
.pft  ses.— supposed  accumulation  of 

'"the  gastric  juice  during,  29— effects 
of,  on  the  stomach,  32— state  of  the 
stomach  during,  202— effect  of,  on 
the  quantity  of  the  blood,  272— in- 
fluence of,  on  animal  temperature, 
434.  . 

Fat,  loss  of,  ditring  starvation,  i.  21— 
propA-tions  of,  in  different  tissues,  76 
— the  consumption  of,  in  cold  coun- 
tries, 89— influence  of,  on  the  diges- 


tion of  albuminous  substances,  211 
— results  of  stomachic  action  on, 
215. 

Fats,  how  classed  by  Liebig,  I.  71— 
and  oils,  as  alimentary  principles, 
134 — different  digestibilities  of,  135 — 
action  of  the  gastric  juice  on,  206 — 
intestiual  action  on,  219 — alleged  in- 
fluence of,  on  the  bile,  220 — do  they 
cause  biliousness  ?  221 — action  of  the 
bUe  on  them,  225 — and  of  the  pan- 
creatic juice,  226 — proportiou  of,  in 
blood,  262,  265. 
Father,  on  the  relative  influence  of, 

upon  the  offspi-ing,  it  390  et  seq. 
Fatigue,  how  it  induces  sleep,  ii.  363 

— how  excessive  prevents  it,  364. 
Fauces,  the,,  held  by  MUUer  to  be  the 

organ  of  taste,  ii.  301. 
Feeling,  the  link  of,  and  its  connec- 
tion witH  voluntary  action,  ii.  210 
et  seq. — ground  on  which  assumed 
with  regard  to  animals,  ii.  237.  See 
also  Sensation.  , 
Female,  the,  the  pulse  in,  i.  330 — ^tem- 
perature of,  431. 
Fenestra  ovalis,  the,  in  the  ear,  ii.  321. 
Ferments,  tendency  of  the  albuminous 

substances  to  act  as,  i.  128. 
Fibrine,  how  classed  by  Liebig,  i.  71 
— incapable  of  nourishing  by  itself, 
81,  82 — proportion  of,  in  various  sub- 
stances, 123— as  an  alimentary  prin- 
ciple, 124 — in  vegetables,  ib. — :mo- 
maties  regarding,  1^7 — conversion 
of  starch  into  sugar  by,  198 — of  the 
blood,  255,  256 — different  from  mus- 
cle fibrine,  257 — proportion  of,  in 
blood,  262. 
Figs,  sugar  in,  i.  139. 
Filberts,  oil  in,  i.  134. 
Finger,  comparative  tactile  sensibility 

of  the,  ii.  297. 
Fish,  dried,  use  of,  among  the  Hin- 
doos, i.  85 — as  an  article  of  diet, 
digestibility,  (fee,  of,  166 — Leeuwen- 
hoek  on,  167. 
Fishes,  power  of  abstinence  of,  i.  12— 
the  blood  discs  in,  244,  245,  246— no 
valves  in  the  veins  of,  307— circula- 
tion in,  324— diagram  of  it,  325— 
re.spiratory  organs  in,  362 — ^temper- 
ature of,  408— the  cerebral  develop- 
ment of,  ii.  91— relative  weight  of 
brain  and  spinal  cord  in,  97. 
Fii'h-eattng  tribes,  said  to  be  pfoUfic, 

i.  168. 

Fixed  ideas,  relations  of,  to  sensation, 

ii.  58. 

Flesh  as  a  food,  how  classed  by  Liebig, 
i.  71— muscular  qualities  of,  SO— use 
of,  as  an  article  of  food,  162  et  seq. — 
changes  in,  by  lixiviation,  153 — 
action  of  cooking  on,  154  et  seq. — 
intestinal  action  on,  219. 

Flourcns,  M.,  liis  history  of  the  dis- 
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covory  of  the  circulation  of  tho 
blood,  i.  290 — the  experiments  and 
conclusions  of,  regarding  tho  cere- 
brum, ii.  104  et  seq. — and  regarding 
the  cerebellum,  123  et  seq.,  126 — 
conclusions  from  Combette's  case 
against  his  view,  131  —  the  vital 
point  of,  145 — on  longevity,  438. 
Fluids,  transfusion  of,  by  eudosmose, 

i.  106. 

Fcetal  epoch  of  life,  the,  ii.  437. 
Foetus,  the  voluntary  motions  of  the, 

ii.  206. 

Follicles,  what,  i.  29  note. 

Fontana,  voluntary  contraction  of  the 
iris  by,  u.  221. 

Food,  the  want  of,  the  cause  of  hun- 
ger, i.  5 — frequency  of  demand  for, 
in  different  genera,  6 — insufficiency 
of,  its  effects,  20 — effects  of  injection 
of,  into  veins,  iSjc,  30 — water  the 
carrier  of,  in  the  body,  37 — varieties 
of,  as  to  form,  and  identity  as  to 
aliment,  51  —  assimilation  of  all 
within  the  organism,  52 — how  to 
investigate,  66 — the  chemical  me- 
thod and  its  defects,  57  et  seq. — what 
that  method  has  done,  57 — different 
kinds  of,  required  by  different  or- 
ganisms, 61 — true  relations  of  chem- 
istry to  the  science  of,  63 — Liebig's 
classification  of,  examined,  70  et  seq. 
— inorganic,  0.5 — its  importance,  96 
— effect  of  different  conditions  with 
regard  to,  109 — neglect  of  this  by 
the  chemist,  110— eifectof  the  inter- 
ference of  life.  111 — insufficiency  of 
the  chemical  theory  of,  112,  113 — 
digestibility  essential  to,  115— blood 
as  a  standard  of,  ib. — milk  as  a  stan- 
dard, 118— four  classes  of  principles 
necessary  in,  120 — the  various  ali- 
mentai-y  principles,  122  et  seq. — 
articles  of,  151  tt  seq. — nutritive 
value  of,  regulated  by  relation  to 
orKanism,  179— on  the  quantity  re- 
quired, ISO  et  seg— action  of  the 
mouth  on,  194— of  the  stomach,  202 
— results  of  stomachic  action  on,  215 
—intestinal  digestion  of,  219  et  seq. 
— Ul-selected,  as  a  cause  of  indiges- 
tion, 233— relations  of,  to  animij 
temperature,  431  tt  seq. 
Foot,  comparative  sensitiveness  of  the, 
ii.  2t)0. 

Forehead,  tactile  sensibility  of  the,  ii. 
297. 

Foim, ^importance  of,  in  physiology, 

Fuville,  views  of,  as  to  the  function  of 
the  cerebellum,  ii.  134. 

Fowls,  time  in  which  digested,  i.  159 
— effects  of  removal  of  the  cerebrum 
on,  ii.  105,  107,  111. 

France,  baking  of  meat  in,  i.  15R — con- 
sumption of  horse-flesh  in,  164. 
VOL.  IL 


Franklin  on  wilt-water  bathing  for 
allaying  thirst,  i.  34~his  experi- 
ments on  relation  of  colour  to  tem- 
perature, aud  theory  of  vision  illus- 
trated from  these,  ii.  333. 

Frederick  the  Great,  small  amount  of 
sleep  t.aken  by,  ii.  357. 

French  workmen,  effects  of  an  animal 
diet  on,  i.  175. 

Friction,  assertion  that  life  resists,  ii. 
435. 

Frog,  vitality  of  the,  i.  279 — results  of 
lemoval  of  its  head,  in  connection 
with  the  reflex  theory,  ii.  175  et  seq. 
— voluntary  movement  in,  after  re- 
moval of  the  brain,  184 — after  being 
skinned  also,  185 — experiments  on, 
with  reference  to  the  muscular  sense, 
282  et  seq. — and  shewing  the  rela- 
tions of  electric  action  to  it,  287. 

Frogs,  respiratory  organs  in,  i.  362 — 
the  winter  life  of,  452 — relative 
weight  of  brain  and  spinal  cord  in, 
ii.  97 — effects  of  removal  of  cerebel- 
lum on,  126 — ^relations  of  the  latter 
to  the  vertebral  column  in,  127 — de- 
capitated, experiments  as  to  sensa- 
tion in,  239,  245  et  seq. — suspended 
animation  in,  413. 

Frying,  effects  of,  on  fish,  i.  166. 

Function,  distinction  between,  and 
property,  ii.  20  et  seq. — how  deter- 
mined, in  nerves,  82 — illustration  of 
its  relations  to  property,  93. 

Functional  and  mechanical  activity, 
Bernard  on,  i.  269. 

Galen,  views  of,  on  respiration,  .and 
discovery  regarding  the  arteries,  i. 
-298. 

Gall,  views  of,  regarding  the  cerebel- 
lum, ii.  122 — on  the  experiments  of 
Sue,  236. 

Gall-bladder  and  duct,  position  of,  i. 
230,  320. 

Game,  the  flesh  of,  i.  158.  i 

Gaming,  hereditary  transmission  of 
tendency  to,  ii-  385. 

Ganglia,  disposition  of  the  nerve 
fibres  in,  i.  333  note — as  part  of  the 
nervous  system,  ii.  9 — sensibility 
their  property,  13,  24 — identity  of 
structure  of,  43 — position  of  gray 
and  white  matter  in,  ib. — their  iden- 
tity of  organic  relation  with  the 
brain,  45 — their  essential  identity 
with  it,  94,  95 — proof  of  sensibility 
being  the  property  of  all,  179. 

Ganglion,  description,  &c.,  of  a,  ii.  10. 

Ganglionic  system  of  the  heart,  the,  i. 
332  et  -leg. 

 tissue,  sensibility  the  property 

of,  ii.  40 — analogy  between,  and 
muscular,  73. 

Garden  beetle,  nervous  system  of  the, 
ii.  95,  96. 
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Garnett,  Mr,  on  hybrids  from  tho 

Muscovy  duck,  ii.  395. 
Gas,  effects  of,  on  the  air,  i.  387. 
Givses,  bow  they  affect  the  sense  of 

taste,  ii.  302— odorous,  Graham  on, 

314. 

Gasserian  ganglion,  the,  ii.  307. 
Gastric  follicles  or  glands,  the,  i. 
205. 

•  juice,  the,  supposed  attacking 


 •    JUIl/O,  o^^^   - 

of  the  stomach  by,  i.  29— supposed 
accumulation  of,  duiing  fastmtt,  to. 
— Dr  Beaumont's  -work  on,  201— 
—first  obtained,  204— its  composi- 
tion, action,  &c.,  205— nature  of  it, 
&c  210— quantity  secreted,  213— 
estimates  of  its  solvent  power,  2U 
—its  action  on  the  stomach.  215— 
its  action  arrested  by  bile,  223— in- 
sufficiency of,  as  a  cause  of  indiges- 
tion, 232— attacks  the  dead  but  not 
the  living  stomach,  and  the  sup- 
posed proof  from  this  as  to  life  con- 
trolling chemical  affinities,  ii.  417. 
Gaucho,  animal  diet  of  the,  i.  121. 
Gavarret  on  the  auimal  heat  of  man, 
i.  416. 

Gelatme  incapable  of  supporting  life 
by  itself,  i.  81,  82-as  an  ahmentary 
principle,  129— action  of  the  stomach 

on,  207.  ,  ., 
 commission,  the,  and  its  re- 
port, i.  131— extract  from  its  report. 

Gelatinous  tissues,  supposed  forma- 
tion of  the,  from  gelatine,  i.  133.  _ 

Gemsbuck,  the,  its  power  of  subsist- 
ing without  water,  i.  48. 

Genius,  where  hereditary,  ii.  401. 

Gerdy  on  the  use  of  the  terms  sensa- 
tion, &c.,  ii.  51— on  the  classification, 
&c.,'of  the  senses,  274. 

Gerlach,  his  mode  of  making  micro- 
scopic preparations,  u.  272.  _ 

Germany,  baking  of  meatm,  i.  155— 
use  of  horse-flesh  in,  162-indiaer- 
ence  to  ventilation  in,  373. 

Giaoomini,  denial  of  the  blood  discs 
by,  i.  346  note.  .,,1:1, 

Gilis,  vessels,  &c.,  of  the  .m  the  fish, 
i  324— breathing  by,  35b,  362. 

Girou  on  hereditary  transmission  of 
colours,  ii.  3S0-and  of  other  quali- 
ties, 3S4— on  hybrids  between  wolf 
and  dog,  400— on  the  potency  ol 
race  as  shewn  in  sheep,  407. 
Glands,  Bernard  on  tho  functional  and 
mechanical  activity  ot,  1-  269.  . 
Gluten,  capable  of  supportmg  life  1. 
S-'— as  an  alimcntory  principle,  12  r 
-Conversion  of  starch  into  sugai-  by, 

Gl'uttony,  examples  of,  i.  183. 

G  ycoscf  conversion  of  dextrine  in  o, 

i.  197— starch  converted  into,  219, 

227. 


Goat,  the,  plants  rejected  by,  i  62— iU 

flesh,  153. 
Goat's  milk,  caseine  in,  i.  125— fat  in, 

135.  ,  , 

Goldsmith,  account  of  the  agonies  of 

starvation  from,  i.  23. 
Goodwyn,  views  of,  on  asphyxia,  1. 

352. 

Goose,  time  in  which  digested,  1.  158. 
Gooseijerries,  sometimes  jicrnicious,  L 

60— sugar  in,  139. 
Graham,  "Mr,  on  odorous  substances, 
and  the  nature  of  the  action,  ii 

Grainger,  Mr,  the  views  of,  on  the 
reflex  theory,  ii.  172— his  assertion 
that  there  are  reflex  fibres.  173 — his 
experiments,  &c.,  on  division  of 
spinal  cord,  189,  253— arguments  of, 
against  its  sensational  power,  228 — 
denies  the  sensibility  of  the  medulla 
oblongata,  as  well  aa  the  spinal 
cord,  234. 

Grandfather  or  grandmother,  trans- 
mission of  qu:ilities  from,  ii.  406. 
Granie,  deatli  of,  by  voluntary  star- 
vation, i.  19. 
Great  men,  the  children  of,  u.  401. 
Greengages,  sugar  in,  i.  139.  _ 
Greenland,  no  cereals  grown  in,  1.  Ii2. 
Gray  matter  of  the  nervous  system, 
(Sic,  the,  ii.  13 — distribution  and 
supposed  function  of,  in  the  brain, 
90. 

Griinewaldt,  Dr,  his  observations  on 
the  gastric  juice,  i.  202— <>n  tliequa- 
hty  of  the  gastric  juice,  214. 
Guiana,  clay-eating  in,  i  54. 
Guildhall  feast,  a,  contrasted  with  the 

meal  of  an  Irish  peasant,  i.  51. 
Gullet,  the,  its  action  on  the  food,  1. 

202— its  position,  &c.,  230,  231,  320. 
Gums,  how  classed  by  Liebig,  i.  71. 
Gums,  the,  shewn  not  to  be  the  organ 
of  taste,  ii.  301. 


Habits,  relations  of,  to  sensation,  ii. 

68— hereditary  transmission  of,  3S3. 
Hair,  excretory  function  of,  i.  286, 

287.  „ 
HaU,  Marshall,  his  theory  of  reflex 
action,  and  examination  of  it,  ii.  1C5 
^  geq  _iiis  eiTor,  17 -J— observations 
of,  on  a  headless  turtle,  ISO— refuta- 
tion of  his  conclusions  from  these, 
ISl — general  character  of  his  inves- 
tigations, 183— his  obsei-vations  on 
division  of  the  spinal  cord,  and  cri- 
ticism on  them,  186  et  so?.— on  the 
phenomena  following  division  of 
spinal  cord,  256— c;ise  of  diseased 
.SI  line  recorded  by,  aud  examina- 
tion of  liis  inferences  from  it,  261.  _ 
Hallcr,  cases  of  alleged  Listing  from,  l 
13— cases  of  blood-letting  Irom,  2.4 
— eiTor  of,  regarding  the  motions  of 
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the  heart,  329  note — on  tho  caiiso 
of  these,  331. 
Hallucinations,  how  produced,  ii.  367, 
368. 

Hamilton,  Sir  W.,  on  sensation,  ii.  52 
— on  tho  number  of  the  senses,  274 
— on  the  muscular  sense,  280— on 
the  tactile  sensibility  of  various 
parts  of  tho  body,  297 — on  dreaming 
and  dreams,  373. 

Hand,  the,  comparative  sensitiveness 
of,  ii.  290 — as  the  organ  of  touch, 
291,  292 — tactile  sensibilities  of  back 
and  front,  297 — ditfei-ence  between 
right  and  left  as  regards  tempera- 
ture, 298. 

Hardening  infants,  theory  of,  and  its 
errors,  ii.  429  et  seq. 

Harless,  Professor,  on  the  effects  of 
thirst  on  the  nei-ves,  i.  49  note — case 
of  pulsation  after  death  from,  336. 

Harley,  Dr,  on  the  quantity  of  the 
gastric  juice,  i.  213  note — on  the  pro- 
tection of  the  stomach  from  the  gas- 
tric juice,  218  note. 

Harvey,  views  of,  on  the  vitality  of 
the  blood,  i.  254 — what  was  his  dis- 
covery, 291,  292 — the  general  circu- 
lation discovered  by,  302 — the  pub- 
lication of  his  work,  306 — his  origin- 
ality, 307 — reception  of  his  docti-ine, 
309 — gaps  in  it,  310 — views  of,  on 
the  lymphatics,  318 — his  claims,  321. 

Head,  life  of  the,  after  decapitation,  ii. 
446. 

He;dth,  importance  of  digestion  to,  i. 
190 — importance  of  a  knowledge  of 
physiology  to,  ii.  452. 

Hearing,  the  medulla  the  centre  of  the 
nerves  of,  ii.  139 — the  sense  of,  317 
— the  apparatus  of,  31S  et  seq. — inte- 
grity of  the  tj-mpanum  not  essential 
to  it,  319 — sketch  of  the  process  of 
it,  321— intensity,  pitch,  and  quality 
of  sound,  322 — the  highest  and  low- 
est audible  sounds,  ib. — the  musical 
and  unmusical  ear,  ib. — the  effect  of 
music,  323 — effect  of  tones,  ib. — sub- 
jective sounds,  324 — appreciation  of 
direction,  ib. — its  acuteness  in  the 
blind,  325. 

Heart,  the,  tissues  of  which  make  up, 

i.  4— its  position,  230,  294,  320— error 
of  the  ancients  regarding,  297,  298 — 
its  valves,  309 — is  it  the  cause  of  the 
circulation?  322 — circulation  without 
one,  323 — and  after  removal  of  it, 
325 — its  motions,  329— what  causes 
these,  331  —  its  movements  after 
death,  ib.  et  seq. — its  nervous  system, 
&c.,  332  et  scj. —cessation  of  its  pul- 
sations no  sign  of  death,  335— its 
motion  an  example  of  reflex  action, 

ii.  57 — arrest  of  its  action  by  irrita- 
tion of  various  nerves,  147 — influ- 
ence of  audi)  en  emotions  on,  148 — 


cases  of  power  over  the  beating  of  it, 
222 — active  during  sloop,  34S. 

Heat,  ett'eets  of,  on  fat,  i.  137— ,and  on 
the  gastric  juice,  209— tendency  of, 
to  induce  sleep,  ii.  354 — 

 animal,  phenomena  of,  i.  40,5 — 

instruments  for  measuring,  409 — re- 
lations of  perspiration  to,  418 — its 
constancy  in  man,  422 — its  differ- 
ence at  diftorent  ages,  425  et  seq. — 
I  olations  of  sex  to,  431 — and  of  food, 
ib.  et  81  q. — influence  of  the  seasons, 
435 — the  chemical  theory  of,  exa- 
mined, 440  et  seq. — effect  of  muscular 
contraction  on,  442 — cases  of  it  after 
death,  ib. — influence  of  organic  con- 
ditions on,  450  et  seq. 

Heat-making  substances,  Liebig's  class 
of,  i.  71. 

Helvetius,  argument  of,  against  vege- 
tarianism, i.  173. 

Henle,  views  of,  on  the  capillaries,  i. 
314 — on  the  excitation  nf  taste  by 
mechanical  stimuli,  ii.  302. 

Hepatic  veins,  the,  destitute  of  valves, 
i.  307. 

Herbivora,  the,  their  power  of  resist- 
ing starvation,  i.  11- peculiarities 
of  their  feeding,  ib. — differences  in 
the  food  of,  62 — the  chief  food  of  the 
coraivora,  115  note. 

Herbst  on  respiration,  i.  367 — on  the 
effects  of  dress  on  it,  368. 

Hereditaiy  qualities,  see  Parents. 

Hewson,  the  researches  of,  on  the 
blood,  i.  245,  247. 

Hindoos,  the,  their  diet  a  non-nitro- 
genous one,  i.  84. 

Hniny,  the,  alleged  influence  of  each 
parent  in,  ii.  392,  393,  399. 

Histoh'gy,  what,  i.  4. 

Holland,  Sir  H.,  on  the  relations  of 
attention  to  sensation,  ii.  51 — his 
view  of  sleep,  349,  350— on  conge- 
nital blindness,  386. 

Holwell,  Mr,  his  narrative  of  the 
Black  Hole  of  Calcutta,  i.  38  et 
seq. 

Borne,  estimate  of  weight  of  food  by, 
i.  186. 

Horse,  the,  plants  rejected  by,  i.  62. 

Horses,  taming  of,  by  thirst,  i.  38. 

Horse-flesh,  on,  as  an  article  of  diet, 
i.  160  et  seq. 

Hottentots,  gluttony  of  the,  i.  183. 

Hufeland,  account  of  suicide  by  .star- 
vation by,  i.  25 — error  of,  regarding 
longevity,  ii.  439. 

Human  blood,  chemical  analysis  of,  i. 
262. 

 milk,  caseine  in,  i.  125 — fat  in, 

135. 

Humboldt,  account  of  the  clay-eating 
Otomacs  by,  i.  54,  55. 

Hunijer,  economic  and  social  influ- 
ences of,  i.  1,  2 — as  a  stiujulua  to 
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activit}',  2 — and  to  crime,  ib. — what 
is  it,  3  -  the  cause  of  it,  4 — want  of 
food  the  primary  cause,  S — why  it 
rec\irs  periodically,  6 — its  effects,  8 
et  eeq. — amount  of  waste  fatal,  9 — 
tlie  sensation  of,  27 — what  causes 
the  sensation,  28  et  seq. — the  seat  of 
it,  31 — the  systemic  sensation,  32 — 
kills  by  a  putrid  fever,  49. 

Hunter,  John,  experiments  by,  on 
hybemating  animals  and  their  food, 
i.  6 — views  of,  on  the  vitality  of  the 
blood,  254— small  amount  of  sleep 
taken  by,  ii.  357. 

Hutcheson  on  the  classification,  &c., 
of  the  senses,  ii.  274. 

Huzard,  testimony  of,  in  favour  of 
horse-flesh,  i.  161. 

Hyaloid  membrane  of  the  eye,  the,  u. 
327. 

Hybemating  animals,  loss  of  sub- 
stance by,  during  their  winter  sleep, 
i.  18  —  dependence  of,  on  exteniid 
temperahire,  418— influence  of  sea- 
son on,  437. 

Hybernation,  food  not  required  dur- 
ing, i.  6— respiration  during,  397— 
waste  of  the  tissues  during,  ii.  361— 
the  sleep  of,  364. 

Hybrids,  peculiarities  of  various,  ii. 
395.  ^ 

Hydrogen,  effect  of  light  on  its  affimty 
with  chlorine,  i.  1 1 1— proportion  of, 
in  the  blood,  262— why  inodorous, 
u.  315. 

Hydrophobia,  Laycock  on  the  pheno- 
mena of,  in  connection  with  reflex 
action,  ii.  192  el  acq. 


Individu.al  potency,  influence  of,  in 

hereditary  transmission,  ii.  406. 
Infancy,  the  animal  heat  durirg,  i. 
425 — necessity  of  warmth  to,  429 — 
great  amount  of  sleep  during,  and 
its  alleged  cause,  ii.  358— the  life- 
epoch  of,  437. 
Infant,  the,  peculiarities  regarding 
feeling  in,  ii.  210,  211— cannot  local- 
ise its  sensations,  294. 
Inherited  qualities,  see  Parents. 
Inorganic    e.Kistence,    how  distin- 

gvushed  from  organic,  ii.  429. 
  food,  what,  i.  95— its  import- 
ance, 96. 

-  phenomena,  mystery  and  gran- 


deur of,  ii.  423. 

principles,  necessity  of,  in  food. 


i.  120 


substances,  alimentary  powers 


Ice,  influence  of,  in  allaying  thirst,  i. 

46.  110-  .  ,„„ 

Ices,  baking  of,  in  China,  i.  420. 

Iceland,  no  cereals  grown  in,  i.  172. 

Ideas,  influence  of  guiduig,  with  re- 
gard to  vohmtary  actions,  ii.  215  et 
seq.  ... 

Ideation,  relations  of,  in  the  nervous 
system,  ii.  118. 

Ideo-motor  actions,  the,  ii.  194. 

Idiosyncrasies,  hereditary  transmis- 
sion of,  ii.  382. 

Ileum,  the,  i.  219. 

Iliac  veins,  the,  destitute  of  valves,  i. 

Images,  visual,  not  transmitted  as 
such  to  the  bi-ain,  ii.  328  et  seq.— are 
tliey  formed  on  the  retina?  329. 

Impressions,  current  views  regard- 
ing, and  refutation  of  these,  ii.  09 
(t  seq. 

Incus  or  anvU,  the,  in  the  ear,  !!■  321. 
Indian    Fakcers,    simulated  death 

among  tlie,  ii.  448. 
Indigestion,  misery  attendant  on,  i. 

190— causes  of,  232— influence  ot,  in 

dreams,  ii.  372. 


of,  i.  72 — are  animals  capable  of  assi- 
milating ?  98 — ^indispensable  to  ani- 
mal life,  99. 

Inosite,  composition,  etc.,  of,  i.  139. 

Inquiry,  the  right  spirit  of,  ii.  83. 

Insanity,  congenital  tendency  to,  ii. 
389 

Insects,  feeding  of,  on  sugar,  i.  140— 
animal  heat  of,  413— the  nervous 
system  of,  ii.  45  et  se^. —sensation, 
&c.,  in  headless,  177— experiments 
on,  179  et  seq.  .. 

Insect  life,  undue  prolongations  of,  u. 
442. 

Insensible  perspiration,  amount  of,  i. 
35. 

Instinct,  imcertainty  attendmg  the 
use  of  the  term,  and  error  of  con- 
trasting it  with  intelligence,  ii  91. 
Instincts,  alleged  dependence  of,  on 
the  cerebrum,  ii.  105— proof  to  the 
contrary,  108— origin  of,  in  systemic 
sensations,  117. 
Intellect,  relations  of,  to  sensation,  ii. 
117— relations  ot  the  cerebellum  to, 
136. 

InteUectual  activity,  effects  of,  on  re- 
spiration, i.  S9S,  399. 
Intelligence,  the  attempt  to  separate 
it  and  instinct,  ii.  91— connection 
of,  with  cerebral  development,  ib. 

 supposed  dependence  of,  on  the 

gray  matter  of  the  brain,  98— im- 
portance of  the  cerebrum  to  it,  100 
,,e5.— Dalton's  views  of  the  rela- 
tions of  the  cerebrum  to  it,  109 — 
relations  of  size  of  brain  to,  120. 
Intensity  of  sound,  what,  ii  322. 
Intemiittonce,  Bichafs  law  of,  in  its 
supposed  application  to  the  animal 
life,  ii.  432.  ,     ,  . 

Intestinal  canal,  length  and  subdivi- 
siuns  of  tlie,  1.  219. 

glands,  the,  i.  2'S. 


 juice,  action  of  the,  in  diges- 
tion, i.  228. 


/ 


Intestines,  the,  injection  of  food  into, 

i.  30— and  of  water,  ;U— digestion  in, 
:;19  et  mj  — tlioir  niovoments  an  ex- 
ample of  retlex  action,  ii.  57. 

Invoi-tebrata,  no  valves  in  tlie  veins 
of,  i.  3U7— the  attempt  to  deny  in- 
telligence to,  ii.  91  et  seg.— peculiar- 
ity regarding  the  eye  in,  333. 

Involuntai-y  action,  difficulties  of  dis- 
tinguishing between,  and  voluntary, 

ii.  isl7 — capability  of  controlling,  221 
— cases  illustrating  this,  ib.  et  stq. 
See  also  Voluntary. 

  nervous  phenomena,  the  so- 
called,  ii.  165. 

Iris  of  the  eye,  the,  ii.  326 — cases  of 
power  of  voluntary  contraction  of, 
221. 

Iris  persica,  liow  its  odour  affects  dif- 
ferent persons,  ii.  315. 

Irish,  the,  their  diet  a  uon-nitrogenous 
one,  i.  S4. 

 peasant,  food  of  the,  contrasted 

■with  that  of  the  London  alderman, 
i.  51. 

Iron,  as  an  alimentary  principle,  i.  147 

—in  the  blood,  242. 
Itching,  the  sensation  of,  due  to  the 

nerve-filaments  of  the  skin,  ii.  289. 

Jacob's  membrane  in  the  eye,  ii.  330. 

Jacubovitch,  researches  of,  on  tlie  ac- 
tion of  saliva  on  starch,  i.  19S — views 
of,  on  the  nerve-cells  of  the  spinal 
cord,  ii.  157. 

Jamaica,  clay-eating  in,  i.  54. 

Java,  clay-eating  in,  i.  54. 

Jt  jimum,  the,  i.  219. 

Jellies,  nutritive  powers  of,  i.  129. 

Jew,  the,  permanency  of  the  pecu- 
liarities of,  ii.  377,  378. 

Jockeys,  use  of  fish  by,  i.  168. 

Johnston  on  odours,  ii.  314  note. 

Jones,  Dr  Bence,  on  the  importance  of 
salt  to  the  organism,  i.  107. 

 Wharton,  on  the  blood  discs,  i. 

249  note. 

Jouffroy  on  sounds  and  their  influ- 
ences, ii.  60. 

Jugular  vein,  injection  of  sugar  into 
the,  i.  117 

Kamtschatka,  clay-eating  in,  i.  54. 

K:mt,  definition  of  life  by,  ii.  424. 

Kid,  flesh  of  the,  i.  153. 

Kidneys,  the,  water  removed  by,  i.  36 
— as  an  article  of  diet,  159 — peculia- 
rity of  the  venous  blood  in,  269 — in 
the  fish,  324. 

King,  transfusion  of  blood  by,  i.  275. 

Kirby  and  Spence,  experiment  on  pro- 
limgation  of  insect  life  from,  ii.  442. 

Kitto,  Dr,  on  the  muscular  adjust- 
ments necessai-y  to  speech,  ii.  -ISG. 

Klaproth  on  the  effects  of  race  on  here- 
ditary transmission,  ii.  407. 
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KoUiker  on  the  blood  discs,  i.  247 — 
experiments  by,  on  the  action  of 
the  Woorara  poison  on  the  nerves, 
ii.  79 — on  the  .spinal  cord,  154  note, 
15C — his  niodo  of  makini;  microsco- 
pic preparation.s,  270,  271. 

KunigsbadtU,  use  of  horse-flesh  at,  i. 
162. 

Laeiat^e,  the,  rejected  by  the  ox,  i.  62. 
Labillardifero,  account  of  clay-eating 
by,  i.  54. 

Labyrinth  of  the  ear,  the,  ii.  319,  321. 

Lacteals,  the,  i.  315 — their  jjosition, 
&c.,  230,  231,  320. 

Lallemand,  views  of,  on  the  connec- 
tion of  the  cerebrum  and  s(>inal 
cord,  ii.  119— imd  on  the  spinal 
cord,  227. 

L.imb,  difference  between,  and  mut- 
ton, i.  153— time  in  which  digested, 
157. 

Lamprey,  proportion  of  the  brain  to 
the  spinal  cord  in  the,  ii.  266. 

Lancisi,  seat  assigned  the  sensoriiim 
by,  ii.  41. 

Landry,  M.,  views  of,  on  voluntary  and 
involuntary  actions,  ii.  224  note — 
views  of,  regarding  the  spinal  cord, 
231  note,  240  note. 

Large  intestines,  what,  i.  219. 

Larrey,  testimony  of,  in  favour  of 
horse-flesii,  i.  161. 

Laughing,  sometimes  volimtary,  some- 
times involuntary,  ii.  199. 

Lavigne,  M. ,  case  of  prolonged  fasting 
recorded  by,  i.  14. 

I/avousier,  his  theory  of  respiration,  i. 
352. 

Lawes  and  Gilbert,  Messrs,  on  Liebig's 
classification  of  food,  i.  73— experi- 
ments by,  on  ieeding  sheep  on  tur- 
nips, 83 — on  effects  of  temperature 
as  to  feeding  of  animals,  88 — theii 
exp)eriments  on  feeding  of  animals, 
and  results,  94 — on  the  necessity  of 
inorganic  substances,  100. 

Laycock,  Dr,  views  of,  on  the  brain  as 
a  centre  of  reflex  action,  ii.  191 — on 
the  phenomena  of  hydrophobia  in 
connection  with  it,  192  et  seq. 

Leblanc,  analysis  of  vitiated  air  by,  i. 
355. 

Leech,  effect  of  bite  of,  on  the  blood,  i. 
259. 

Leeuwenhoek  on  fish  as  an  article  of 
diet,  i.  167 — on  the  selection  of  diet, 
169— on  the  blood  discs.  244,  247— 
discovery  of  the  capillaries  by,  312. 

"  Leg  asleep,"  sensation  of,  how 
caused,  ii.  300. 

Legallois,  views  of,  on  respiration,  i. 
352— views  of,  on  the  spinal  cord, 
ii.  226. 

Lehmann  on  the  production  of  fibrine, 
i.  127— on  sugar  in  the  egg,  140— on 
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fish  US  an  article  of  diet,  1G8— expe- 
riments of,  on  the  notion  of  coflse, 
176 — on  tlie  effect  of  water  on  the 
gastric  juice,  210 — on  tlio  solvent 
power  of  the  gastric  juice,  214 — ana- 
lysis of  blood  by,  263 — estimate  of 
quantity  of  the  blood  by,  272 — ex- 
periment by,  regarding  the  nervous 
character  of  the  retina,  ii.  331. 

Lejoncourt,  M.,  on  congenital  lon- 
gevity, ii.  3S8. 

Lens  of  the  eye,  the,  ii.  327. 

Lentils,  nitrogen  in,  and  their  nutri- 
tive value,  i.  82. 

Leuchs,  discovery  of  the  chemical 
action  of  the  saliva  by,  i.  196. 

Levy  on  the  non-nutritious  properties 
of  albumen,  &c.,  i.  81. 

Lieberktlhn's  glands,  i.  228. 

Liebig,  examination  of  his  classifica- 
tion of  food,  i.  70  et  seq. — on  the  uses 
of  water  and  fat  in  the  organism, 
77 — eiTor  of  his  view,  78 — on  the 
nutritive  value  of  beans,  wheat,  <Sic. , 
8i — on  that  of  rice,  84 — on  the  diet- 
ary of  cold  nnd  warm  climates,  87 — 
on  the  combustible  elemeuts  of  the 
albuminous  substance,  &c.,  90  et  seq. 
— on  theindispensability  of  inorganic 
substance,  101 — denial  of  the  exist- 
ence of  salt  in  muscle  by,  103 — on 
caseine,  125 — nutritive  power  denied 
to  sugar  by,  140 — on  the  action  of 
alcohol,  145 — on  the  necessity  of 
iron  to  the  body,  148  note— on  the 
cooking  of  meat,  153  et  seq.,  15a — on 
the  quantity  of  food  required,  182 — 
on  the  relations  of  respiration  and 
animal  heat,  441. 

Life,  inadequacy  of  chemistry  to  ex- 
plain the  problems  of,  i.  65 — effects 
of  the  interference  of,  with  regard 
to  food,  111 — processes  of,  in  their 
relation  to  animal  heat,  407 — con- 
sciousness always  the  property  of, 
ii.  75 — mind  the  psychical  aspect  of, 
344 — no  antagonism  between  sleep 
and,  348 — duration  of,  influence  of 
hereditary  tendency  on,  387 — con- 
trast between  appearance  of,  and 
death,  412 — suspended  animation, 
413— the  hypothesis  of  a  vital  prin- 
ciple examined,  414  et  seq. — the  so- 
called  vital  force  or  forces,  415  — 
chemical  analysis  adverse  to  the 
doctrine  of  the  latter,  416 — its  phe- 
nomena dependent  on  conditions, 
ib.  et  seq. — it  does  not  control  chemi- 
cal affinities,  417— does  it  precede 
organisation?  419 — as  dependent  on 
vital  imity,  421 — to  be  regarded  as 
an  ultimate  fact,  422 — identical  with 
existence,  423 — definition  of  it,  424 
it  SC5.— that  of  cells,  426  ct  seq. — the 
entire  life  the  aggi'ecrate  of  the  ceU- 
lifc,  428— its  three  laws,  429— these 


distinguish  the  living  organism  from 

the  inorganic  body,  ib.  et  seq  — vege- 
tal and  animal,  430 — influence  of  the 
external  medium  on  it,  434 — error 
in  supposing  it  independent  of  this, 
435  —  its  duration,  436  —  its  four 
epocihs,  437 — why  does  it  cease,  438 
— the  excess  of  waste  the  cause  of 
its  decline,  441  —  death  a  neces- 
sary issue,  442— determined  by  its 
changes,  443— death  as  its  tei-minal 
act,  444. 

Light,  effect  of,  on  chemical  affinity, 
i.  Ill — analogy  between,  and  sensa- 
tion, ii.  66 — sensibility  to,  distinct 
from  seeing,  325. 

Limbs,  rigidity  of  the,  as  a  sign  of 
death,  u.  449. 

Linnajus,  views  of,  on  the  influence  of 
each  parent  in  plants,  ii.  390. 

Linseed,  oil  in,  i.  134. 

Lips,  tactile  sensibility  of  the,  Ii.  297. 

Liquor  sanguinis,  the,  i.  256 — analysis 
of  it,  264. 

Liver,  the,  effects  of  starvation  on,  i. 
21 — fonnation  of  sugar  by,  139 — as 
an  article  of  diet,  159 — secretion  of 
bile  by,  220— its  position,  Stc,  230, 
231,  320— the  capillaries  on  it,  242— 
circulation  in  it,  323. 

Livingstone,  Dr,  on  the  Eland,  i.  47 
— on  the  animal  heat  of  the  Euro- 
pean and  the  negro,  416 — case  of 
animal  heat  after  death  from,  444. 

Lixiviation,  effects  of,  on  flesh,  i.  153. 

Lizards,  effects  of  removal  of  cerebel- 
lum on,  ii.  126. 

Localising  sensations,  development  of 
the  power  of,  ii.  293  et  seq.,  298. 

Loudon  alderman,  food  of  the,  con- 
trasted with  that  of  the  Irish  pea- 
sant, i.  51. 

Londonderry  steamer,  tragedy  on 
board  the,  i.  350. 

Longet  on  death  from  hunger  and 
thirst,  i.  49 — experiments  of,  on  the 
effects  of  removal  of  the  cere- 
brum, ii.  108 — views  of,  on  the  cere- 
bellum, 122 — experiments  on  it,  124 
— on  the  effects  of  disease  in  the 
cerebellum,  129 — views  of,  on  the 
spinal  cord,  227 — on  the  so-called 
olfactory  nerves,  310. 

Longevity,  hereditary  tendency  to,  ii. 
387  et  seq. — current  fallacy  regai-ding, 
438 — the  alleged  cases  of,  443. 

Lower,  translusion  of  blood  by,  i.  275. 

Lucas  on  congenital  longe\-ity,  ii.  SS8. 

Ludwig  on  perceived  sensations,  ii.  50 
note — on  the  eflects  of  disease  in  the 
cerebellum,  129. 

Lungs,  the,  projiortion  of  water  in.  i. 
36— position  of,  230,  294.  296,  320— 
— breathing  by,  356,  362 — in  m.au, 
364  tt  seq. — their  capillaries,  366. 

Lymph,  what,  i.  315. 
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Lymphatics,  position  of,  1.2.10,  320— not 
known  to  Harvey,  292— their  l>mc- 
tiou,  &c.,  2y5— discovery  of,  315. 

Macaroni,  carbonaceous  character  of, 

i.  ST. 

Maceration,  process  of,  in  digestion,  i. 
l(i3_i„i]Hirt;mce  of,  as  regards  the 
food,  200. 

Jl'Leod,  Janet,  the  case  of,  i.  15  et 
seq. 

M'Xeill,  Sir  J.,  case  of  spectral  illu- 
sion recorded  by,  ii.  3.37. 
Macnish  on  sleeping  in  church,  &.C., 

ii.  355. 

Magnus,  the  researches  of,  on  arterial 
and  venous  blood,  i.  266. 

Maize,  albumen  iu,  i.  124— gluten  in, 
12S — oil  in,  134— sugar  in,  139. 

Majendie  on  the  non-nutritive  quali- 
ties of  fibrine,  &c.,  i.  SO— on  the 
white  of  egg,  122— o.Kperiments  by, 
on  feeding  rabbits,  179 — the  blood 
discs  denied  by,  245— views  of,  on 
the  tran.^fusion  of  blood,  276 — on 
the  so-called  olfactory  nerves,  ii. 
309. 

Male,  the,  the  pulse  in,  i.  330— tem- 
perature of.  431 

ilalleus  or  hammer,  the,  in  the  ear, 
ii.  321. 

Malpighi,  the  blood  discs  discovered 
by,  i.  244 — researches  of,  on  coagu- 
lation of  the  blood,  256 — reception 
of  Harvey's  doctrine  by,  310— dis- 
covers the  capillaries,  312. 

Mammals,  respiratory  organs  iu,  i. 
362 — the  cerebral  development  of, 
ii.  91 — the  cerebellum  in,  liiS. 

Man,  time  in  which  death  ensues  from 
fasting  in,  i.  12— variety  of  dietaiy 
of,  161— the  blood  discs  in,  247,  and 
note — respiration  in,  364  et  seq. — the 
animal  temperature  of,  415 — its  con- 
stancy, 422 — his  power  of  adjustment 
to  season,  436,  437 — the  systemic 
consciousness  in,  ii.  76  —  average 
weight  of  tlie  brain  in,  97 — effects 
of  injury  to  the  cerebrum  in,  110 — 
proportion  of  the  brain  to  the  spinal 
cord  in,  265 — action  of  the  so-called 
muscular  sense  in,  280. 

Manhood,  the  life-epoch  of,  ii.  437. 

Maniacs,  cause  of  the  sleei^lessness 
of,  ii.  356. 

Manx  cat,  progeny  of  the,  ii.  395. 

Marcet,  M.,  on  the  action  of  the  bile 
on  fats.  i.  226. 

Mare,  influence  of,  in  horse-breeding, 
ii.  301  et  uq. — curious  case  of  n,  in 
connection  with  hereditary  traii.'-;- 
misjion,  405. 

Margo  on  indsation  of  the  heart  after 
death,  i.  336. 

Marollo  on  liybrids  between  wolf  and 
dog,  ii.  400. 


Marriage,  the  question  of,  in  connec- 
tion with  hereditary  taint,  ii.  410. 

Marsch  on  hybrids  between  wolf  and 
dog,  ii.  400. 

Martins,  M.,  obsorv.ations  of,  on  animal 
heat,  i.  426 — on  the  intluence  of  se.'c 
in  temperature,  431 — and  of  food, 
432,  434. 

MartiiLs,  accountof  clay-eating  by,  i.  54. 
Mateucci  on  the  heat  originated  by 

muscular  contraction,  i.  442 
Mayer  on  the  blood  discs,  i.  247 — seat 

assigned  the  sensorium  by,  ii.  41. 
Mayo,  Dr,  on  tlie  efl'ects  of  division  of 

the  spinal  cord,  ii.  252— on  sight  and 

muscular  adjustment,  2S6. 
Meals,  proper  interval  between,  i. 

237. 

Meat,  fjit  in,  i.  134— various  kinds  of. 
as  articles  of  diet,  152  et  seg.— .action 
of  cooking  on,  154  et  seg.— digesti- 
bility of  various  kinds,  157. 

 soup,  comparison  between,  and 

bone  soup,  i.  132. 

Mechanical  process,  the,  iu  digestion, 
i.  193. 

  stimuli,  sensation  of  taste  e.x.- 

cited  by,  ii.  302. 
Mechanism,  .analogies  between  the 

animal  organism  and  a,  ii.  160  et 

seq. 

Medulla  Oblongata,  position  of  the,  ii. 
SS,  89— olivary  bodies  of,  90— weight 
of,  in  man,  97— functions  of  the,  137 
— its  relations  to  the  spinal  cord,  138 
— its  structure,  &e.,  ib. — views  on  it, 
140 — a  centre  of  sensation,  141 — the 
centre  of  the  nerves  of  respiration, 
145  —  why  its  destiuctiun  causes 
death,  ib. — the  supposed  vital  point 
in,  ib. — effect  of  irritation  of  it  on 
the  heart,  147— reason  why  its  re- 
moval aflfeets  voluntary  movement, 
1^5 — its  essential  identity  of  struc- 
ture with  the  spinal  cord,  233. 

Medusa,  shipwreck  of  the,  the  dreams 
of  the  suftVrers,  ii.  372. 

Meissner,  the  tactile  corpuscles  of,  ii. 
292  et  seq. 

Memory,  influence  of  pressure  on  the 

cerebrum  on,  ii.  103,  105,  107. 
Men,  respiration  in,  compared  with 

women,  i.  370. 
Mental  jihcnomena,  grouping  of,  iu 

relation  to  the  nervous  system,  ii. 

116  seq. 
Mesenteric  ganglia,  the,  i.  230,  320. 
Mialhe,  researches  of,  on  the  action  of 

the  saliva  on  starcli,  i.  197. 
Microsccipe,  value  of,  in  physiological 

inveslig.ations,  ii.  173. 
Microscopic  ijrcparations,  best  modes 

of,  ii.  270. 
Milk,  on,  as  a  standard  of  food,  i.  118 

— analysis  of  it,  119— cascine  in,  lu6 

—fat  iu  various  kinds  of,  135. 
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Milne-Edwards  on  the  vitality  of  the 

blood,  i.  255. 
Mind,  the,  the  brain  not  exclusively 

its  organ,  ii.  4— wliat  it  includes,  5 

—the  psychical  aspect  of  hie,  344. 
Mineral  substances,  propurtion  of,  in 

the  body,  and  their  importance,  i. 

99. 

Mitchell,  James,  keenness  of  the  sense 
of  smell  in,  ii.  316. 

Moisture,  presence  of,  necessary  to 
taste,  ii.  305 

Molecular  death,  what,  and  its  con- 
stancy, ii.  445. 

Molesehott  on  Mulder's  discovery  re- 
garding albumen,  i.  114 — on  the 
formation  of  albumen  within  the 
orgimism,  133  —  on  the  action  of 
alcohol,  146 — on  the  colourless  cor- 
puscles of  the  blood,  253. 

Molifere,  recefrtion  of  Harvey's  doc- 
trine by,  i.  310. 

Mollusca,  absence  of  coaorulation  in 
blood  of,  i.  266 — respiratory  organs 
in,  362 — nervous  system  of,  com- 
pared with  that  of  the  insect,  ii.  95 
— limited  sensibility  of,  277. 

Slonotony,  tendency  of,  to  induce 
sleep,  ii.  355. 

Moreau,  M.,  on  hereditary  insanity, 
ii.  389. 

Morgagni,  cases  of  noncoagulable 
blood  reported  by,  i.  258. 

Mother,  on  the  relative  influence  of, 
upon  the  offspring,  ii.  390  et  seq. — 
the  assertion  that  genius  is  derived 
from,  401. 

Motion  as  a  source  of  waste  in  the 
animal  body,  i.  19. 

Motor  function,  proof  of,  in  the  pos- 
terior nerves,  ii.  38. 

  nerves,  are  there  such  as  dis- 
tinguished from  sensory,  ii.  25 — 
what,  26 — proved  to  be  also  sen- 
sory, 35. 

Mouse,  proportion  of  the  braiu  to  the 

spinal  cord  iu,  ii.  266. 
Mouth,  the,  what  takes  place  to  the 

food  in,  i.  194 — its  membrane  held 

by  Valentin  to  be  the  organ  of  taste, 

ii.  301. 

Mulder,  the  discovery  of,  regarding 
albumen,  i.  113 — on  the  nutritive 
power  of  gelatine,  129 — on  the  assi- 
milation of  gelatine,  133. 

Mule,  the,  as  influenced  by  the  father 
and  the  mother,  ii.  390,  392,  399. 

MUUer  on  sen.sation  and  attention,  ii. 
50  —  on  the  e.\periments,  iSic,  of 
Flourens,  112  —  views  of,  on  the 
medulla  oblongata,  140 — share  of, 
in  the  reflex  theory,  166— on  refle.x 
action  iu  connection  with  sensation, 
175 — nn  voluntary  motions,  206— on 
volition,  208 — views  of,  as  to  the 
organ  of  taste,  301— on  aftcr-tasto 


of  sweet  flag,  305— on  excitation  of 
taste  through  the  blood,  300— on  the 
effect  of  cei-tain  sounds,  324 — on  the 
restorative  power  of  sleep,  361. 
Mummy  wheat,  the  germination  of.  iL 
413. 

Muscle,  proportion  of  fat  in,  i.  76 — dif- 
ferent views  of  the  chemist  and  the 
anatomist  on,  77— all  its  constituents 
essential  to,  iO. — salt  present  in,  104 
—the  nerves  which  move,  &c..  ii. 
34. 

Muscles,  the,  effects  of  starvation  on, 

i.  22— action  ot  different  poisons  on, 

ii.  80 — sensations  derived  through, 
345— activity  of,  during  sleep,  349.  ' 

Muscle-nerves,  what,  ii.  39— proof  of 
sensory  as  well  as  motor  action  of, 
35 — action  of  the  Woorara  poison  on 
70. 

Muscovy  duck,  peculiarity  in  hybrids 

of  the,  ii.  395. 
Muscular   adjustment,    relations  of 

sight  to,  ii.  286. 
 contraction,  heat  originated bv. 

i.  442. 

 co-ordination,  is  the  cerebellum 

the  seat  of,  ii.  124  et  seq. 

 exertion,  influence  of,  on  per- 
spiration, i.  419. 

 fibre,  contractility  the  property 

of,  ii.  24. 

 movements,  relations  of  the 

cerebellum  to,  ii.  126. 

 sense,  the,  nerves  connected 

with,  ii.  35  —  sensations  derived 
through,  67— when  these  becoma 
perceived,  ib.  — the  so-called,  279, 
280  et  seq. — various  views  regarding 
it,  282 — experiments  illustrating  it, 
ib.  et  seq. 

  system,  analogy  drawn  be- 
tween, and  the  nervous,  ii.  195. 

Museuline  or  syutonin,  what,  i.  124 
257. 

Music,  nature  of  the  effect  of,  ii.  322 

et  stq. 

Musical  ear,  the,  how  distingiiished 
from  the  unmusical,  ii.  322. 

 note,  definition  of  a,  ii.  322. 

Musk,  how  it  affects  the  sense  of 
smell,  ii.  314 — offensive  to  some,  315. 

Mutton,  case  in  which  poisonous,  i. 
60— difference  between,  and  lamb, 
153 — time  iu  which  digested,  167, 
158. 

Napoleos,  command  over  sleep  pos- 
sessed by,  ii.  354. 

Narcotics,  physiologic-jil  action  of,  i. 
177 — effects  of,  on  respinition,  371. 

Narwhal,  temperature  of  the,  i.  409. 

Nas.'se  on  the  blood  discs,  i.  249  note — 
views  of,  on  the  spinal  cord,  ii. 
229. 

Natm-al  death,  what,  iL  445,  AM. 
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Nature,  balance  of,  as  regards  carbonic 
acidaiitl  oxyt,'on,  i.  3i).<. 

Navy,  dietary  in  the,  i.  ISS. 

jS'ctfro,  the  miimal  heat  of  the,  i.  416 — 
constancy  of  brood  in  the,  ii.  37S. 

Keirroes,  clay-eatintf  among  the,  i.  54. 

Nerves,  the,  activity  of  change  in,  i. 
279 — as  \K\rt  of  tlie  nervons  system, 
ii.  9 — the  comparison  of  them  to 
teleu'i-aphic  wii-es,  14 — are  they  con- 
ductors, and  of  wliat,  ib.  el  scq. — 
proof  tliey  are  possessed  of  force 
apart  from  their  centres,  16 — dis- 
tinction between  tlie  function  and 
propertj'  of,  21 — tlie  distinction  be- 
tween sensory  and  motor,  ib.,  25  et 
teq. — distrib\ition  of  their  roots  on 
the  spinal  cord,  3.3 — causes  of  tlieir 
ditierences  of  action,  ib.  et  seq. — pain 
the  result  of  direct  stimulus  to,  34 
— elTect  of  dividing  the  posterior,  35 
— the  anterior  in  relation  to  muscu- 
lar sensibility,  37 — the  special  sen- 
sibilities of,  ib.  et  seq. — the  motor 
function  of  the  posterior,  38 — poste- 
rior and  anterior,  both  at  once 
sensory  and  raotoi-,  39 — more  strictly 
distinguished  into  muscle  and  skin 
nerves,  ib. — and  nerve-centres,  gene- 
mi  statement  of  propositions  regard- 
ing, 81,  82 — their  neurility  excited 
by  electric  disturbance,  2SS. 

Nerve-cells,  what,  ii.  9,  10  —  of  the 
spinal  cord,  166. 

 centres,  property  and  functions 

of,  how  detei-miued,  ii.  82 — micro- 
scopic preparations  of,  270 — sensa- 
tions the  activity  of  the,  275. 

 fibres,  description,  &c.,  of,  ii.  9, 

10, 11 — neurility  as  the  property  of, 
9,  24— sensibiUty  stimulated  in  the 
nerve-centres  by,  24. 

 filaments  of  the  skin,  their  sen- 
sitiveness, ii.  289 — varying  degrees 
of  this,  and  these  not  dependent  on 
their  number,  290. 

 force,  nature  of  the,  ii.  7,  18. 

 tissue,  composition  of,  ii.  9 — 

water  in,  i.  36 — similarity  of,  in  all 
.animals,  ii.  44. 

Nervous  centres,  the  influence  of,  on 
each  other,  ii.  146,  147. 

  diseases,  congenital  tendency 

to,  ii.  389. 

  fluid,  the,  the  old  hypothesis 

of,  ii.  8. 

  |)henomona,   Marshall  Hall's 

cla.ssific4ition  of,  ii.  165. 

  scn.sibility,  analogy  between, 

and  muscular  contractility,  ii.  73. 

 substance,  resistance   of,  to 

starvation,  i.  21. 

 system,  the,  effects  of  thirst  on, 

i.  49  note — intluouce  of,  on  diges- 
tion, 2.33 — study  of  it  a  physiological 
problem,  ii.  3— it  ;dl  implicated  in 


.scuHalion,  <fec.,  4 — its  structure,  9 — 
in  did'creut  classes  of  animals,  44  et 
seq. — the  theory  of  rellcx  action  exa- 
mined, 105  et  .sYi/. — analogy  between, 
and  the  muscular,  195 — general  con- 
nection among  its  centres,  203. 

Neurility,  dehiiition  of,  ii.  8,  18 — the 
property  of  nerve-fibre,  24 — the  com- 
mon property  of  all  nerves,  81 — 
proof  of  excitement  of,  by  electric 
disturbance,  288. 

New  Calodunia,  clay-eating  in,  i.  54. 

New  Zealanders,  the,  fish-eaters,  i.  169. 

Night,  effects  of,  on  respiration,  i.  398. 

Nitrogen,  proportion  of,  not  the  mea- 
sure of  nutritive  value,  i.  82 — feeble 
affinity  of,  for  oxygen,  91 — compa- 
rison of  flesh  and  fish  as  regards, 
169 — proportion  of,  in  the  blood,  262 
— and  in  air,  353. 

Nitrogenous  foods,  Liebig's,  i.  71. 

 matter,  small  proportion  of,  in 

milk,  i.  119. 

 substances,  true  relations  of,  to 

the  body,  i.  74 — Liebig  on  them,  79 
— their  j)roportion  in  the  body,  SO. 

Noble,  Dr,  views  of,  on  the  cerebellum, 
ii.  136  7iote — on  the  optic  thalami, 
&C.,  137  note. 

NcBud  Vital  of  Flourens,  the.  ii.  145. 

Nou-nitrogenous  bodies,  disproof  of 
their  being  merely  heat  making,  i. 
8ti — Liebig's,  71 — true  relations  of,  to 
the  body,  74. 

Nose,  the,  its  tactile  sensibility,  ii. 
297 — as  the  meduim  of  smell,  ii.  .•i06. 

Nucleus,  the,  in  the  blood-discs,  i. 
247  tt  seq. — and  nucleolus  of  the  cell, 
ii.  427. 

Nutrition  in  plants  and  animals,  fal- 
lacy regarding,  i.  97 — oxygen  the 
agent  of,  in  the  blood,  281  el  seq. — 
relations  of  blood  to,  284  el  seq. — exa- 
mination of  the  hypothesis  that  it; 
goes  on  chiefly  during  sleep,  ii.  358 
et  seq. — the  law  of,  as  one  of  the  laws 
of  life,  429^ 

Nutritive  material,  qxiantity  of,  car- 
ried by  the  bloo  1,  i.  241. 

 value,  influence  of  the  organism 

on,  i.  179. 

Oats,  albumen  in,  i.  124— gluten  in, 
128. 

Oatmeal,  sugar  in,  i.  138. 
Ob.scrvation,  distinctiiai  between,  and 

scicmific  e.xplai.ation,  i.  192. 
Ochsenhausen,  sale  of  horse-ttesh  at, 

i.  162. 

Ocvdar  spectra,  cases  and  theory  of, 

ii.  335  et  seq. 

Odours,  different  estimates  formed  of, 

ii.  315.    See  Smell. 
CEsnphagus,  tlio,  its  action  on  the 

food,  i.  202— its  position,  &c.,  230, 

231,  320. 
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Oil,  consumption  of,  in  Sicily,  &c.,  i. 
87. 

Oils  and  fats,  necessity  of,  in  food,  i. 

120— different  digestibilities  of,  135. 
Oily  fishes,  the,  i.  166. 

 seeds,  albumen  in,  i.  124. 

Old  age,  amount  of  sleep  required 

during,  ii.  358 — the  life-epoeh  of,  ii. 

438  —  peculiarities   attending,  440 

et  seq. 

Olfactorius,  the,  ii.  306— not  a  nerve, 
307. 

Olfactory  pranglion,  the,  ii.  90. 

.   nerves,  the  so-ciilled,  ii.  306 — 

doubts  as  to  their  being  so,  308  et 
eeq — case  in  which  the  sense  of  smell 
•was  possessed  in  their  absence,  311 
et  seq. 

Olivary  body  of  medulla,  oblongata, 

the,  ii.  90,  138,  139. 
Olives,  effects  of,  on  flavour  of  wines, 

ii.  305. 
Olive  seeds,  oil  in,  1.  134. 
Oncidium,  respiratory  organs  in  the, 

i.  362. 

Optic  nerve,  the,  ii.  138 — its  special 
sensibility,  37 — the  effect  of  pres- 
sure or  ii-ritation  on  it,  325. 

 thalami,  the,  by  some  included 

in  the  brain,  ii.  90 — functions  of, 
137. 

Orator,  effect  of  the  tones  of  the,  ii. 
323. 

Organs,  made  up  of  tissues,  i.  4 — ^life 

<if,  after  death,  ii.  446. 
Organic  or  vegatative  life,  Bichfi.t's 

classification  of,  ii.  430. 
.   principles,  necessary  in  the 

soU  to  plants,  i.  97. 

.  sensations,  what,  ii.  279  et.  seq. 

 sensibUity,  the  so-called,  ii.  72. 

  substances,  chemical  analysis 

of.  adverse  to  the  doctrine  of  a  vital 

force,  ii.  416. 
 unity,  death  the  destruction  of 

the,  ii.  444. 
Organisation,  proof  that  it  is  inherited, 

ii.  317  et  seq. — ^transmission  of  pecu- 
liarities of,  382 — examination  of  the 
question  as  to  whether  life  precedes 
it,  419 — definition  of  it,  and  of  the 
relations  between  it  and  life,  420. 

Organism,  the,  constancy  of  waste  and 
repair  in,  i.  4 — necessity  of  the 
food  being  adapted  to  it,  Glet  seq. — its 
influence  on  tlie  food  received,  63 — 
inorganic  substances  indispensable 
to  it,  96  et  seq.—Mses,  &.C.,  of  water  in 
it,  102 — influence  of  relation  to,  on 
nutritive  value  of  food,  179— the  in- 
tervention of,  as  regards  res]iiratioii, 
JJ79 — its  power  of  adjusting  itself  to 
the  seasons,  436 — regai-ded  as  a  vital 
mechanism,  ii.  160  et  seq. — develop- 
ment of  sensibiiity  with  its  increas- 
ing complexity,  277 — the  reiiair  of 


it  a  continuous  proces',  359,  360 — 
its  death,  as  distinguished  from  that 
of  the  parts,  445. 
Orton,  Sir,  views  of,  on  the  relative 
influence  of  each  parent,  ii.  390,  392 
et  stq. 

Osmazome,  what,  1.  152 — want  of,  in 
fish,  16B. 

Otomacs,  clay-eating  among  the,  i.  54. 
Owsjannikow  views  of,  on  the  spinal 

cord,  ii.  232,  note. 
Ox,  the,  plants  rejected  by,  i.  62 — its 

flesh,  153. 
Ox-blood,  chemical  composition  of,  i. 

262. 

Ox-head  bones,  fat  in,  i.  135. 
Ox-Uver,  albumen  in,  i.  123 — ^fat  in, 
134. 

Oxidation  within  the  body,  Liebig's 
views  of,  i.  72 — theory  of  respiration 
being  a  process  of,  889 — internal,  the 
alleged  cause  of  .animal  heat,  440. 

Oxygen,  proportion  of,  in  the  blood, 
i.  262 — its  proportion  in  venous  and 
arteiial  blood,  266 — its  origin,  267 — 
absorption  of,  by  the  blood-ceUs,  281 
— its  function  in  the  blood,  ib.  et  seq. 
— ^proportion  of  in  air,  353 — the  ab- 
sorption of,  by  the  blood  the  office 
of  respiration,  366.  359 — necessary 
to  development,  360 — effects  of,  on 
the  separated  tail  of  the  tad))ole, 
361 — absorption  of,  in  resplmtion, 
368 — its  state  in  the  blood,  371 — re- 
lative proportion  of,  necessary  to  re- 
spiration, 381,  382 — how  returned  to 
the  atmosphere,  393  et  seq. — relations 
of,  to  odorous  gases,  ii.  314. 

Oyster,  the,  as  an  article  of  diet,  i. 
167. 

Paget,  Mr,  on  the  nutritive  relations 
of  the  blood,  i.  286. 

Pain,  the  result  of  direct  stimulus  to 
the  ner  ^es,  ii.  34 — the  sensation  of, 
142,  291 — influence  of,  on  the  action 
of  the  heart,  148. 

Palate,  the,  shewn  not  to  be  the  or- 
gan of  taste,  ii.  hOl. 

Pallas  on  hybrids  between  wolf  and 
dog,  ii.  400. 

Pancreas,  fimction  of  the,  i.  226 — ^its 
position,  230,  320. 

Pancreatic  juice,  action  of  the,  i.  226. 

PapiUaa,  the,  i.  35. 

Papiu,  process  of,  for  extracting  gela- 
tine from  bones,  i.  130. 

Parents,  caution  to,  reg-arding  diet  of 
children,  i.  61 — ciualities  inherited 
from,  ii.  375 — contradictoiy  views  on 
the  subject,  ib.  et  seq. — those  of  Mr 
Buckle  examined,  376 — permanency 
of  breed,  377  ft  sc?.— const-incy  iu 
transmission  of  general,  and  vari.i- 
tions  in  that  of  individu.al,  peculiari- 
ties, 378— diversities  of  character  in 
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families,  S7!>— inheritance  of  peculia- 
rities, 3S0 — transmission  of  accident- 
al detects,  ic,  3S1— theoryregarding 
tills,  382— transmission  ot  acqmrcd 
habits,  3S3— possible  countor^icting 
iniluence  of  one  parent,  16.  et  stq. — 
transmission  of  vices,  o85 — of  lon- 
gevity, 337— of  tendency  to  insan- 
ity, 3S9— on  the  respective  influence 
of  each,  390  et  sf?.— transmission  of 
deformities,  400  — the  children  of 
great  men,  401  et  seg.— both  parents 
represented  in  the  childi-en,  403 — 
o  priori  deductions,  16.  et  seq. — per- 
turbing causes,  404— atavism,  4u5— 
individual  potency,  406— influence 
of  race,  407 — results  of  difl"erence  of 
age,  vigour,  &c.,  in  the  parents,  4u8 
— general  summary  on  the  subject, 
ib.  et  seg.— marriage  in  connection 
■with  hereditary  taint,  410. 

Paris,  Dr,  on  pastry,  i.  170. 

Parizot,  M.,  case  of  prolonged  fasting 
reported  by,  i.  14. 

Paro'tid  gland,  position.  Ace,  of,  i  230, 
231,  320 — and  secretion,  190. 

Parry,  Captain,  on  the  gluttony  of  the 
Esquimaux,  i.  185. 

Parts,  death  of  the,  ii.  445— before 
actual  death,  447. 

Pastry,  as  an  article  of  diet,  i.  170. 

Patin,  Guy,  opposition  of,  to  Harvey, 
i.  310. 

Paton,  Dr,  views  of,  on  the  spinal 
cord,  ii.  231  note. 

Paxton,  Dr,  voluntary  conti'action  of 
the  iris  by,  ii.  221. 

Payen,  analysis  of  rice  by,  i.  84— ex- 
periments by,  on  feeding  with  blood, 
118. 

Peach,  sugar  in,  i.  139. 
Pears,  sugar  in,  i.  139. 
Peas,  nitrogen  in,  and  their  nutritive 

value,  i.  82— gluten  iu,  128— sugar 

in,  139. 

Pecquet,  discovery  of,  regarding  the 

lymphatics,  i.  317. 
Pecquet's  reservoir,  position,  &c.,  of, 

i.  230,  231,  3211. 
Peculiarities,  hereditary  transmission 

of,  ii.  385. 
Pepsin,  present  in  the  gastric  juice, 

i.  2u5— effec's  of  heat  on,  210. 
Peptones,  what,  i.  20ti — conversion  of 

the  albuminous  substances  into,  129. 
Peptone-albumen,  properties  of,  i. 

2U9. 

Perception,  distinction  between,  and 
sensation,  ii.  53 — illustration  of  its 
relations  to  the  latter,  54 — can  sen- 
sation exist  without,  61  —  impor- 
tance of  the  distinction  between  it 
and  sen.sation,  69  et  seq — origin  of, 
in  sense-sensations,  117 — the  blend- 
ing of  thought  with,  343 — gradual 
loss  of  power  of,  in  bleep,  361. 


Peroira,  proportion  of  gluten  in  grain, 
&c.,  from,  i.  I2S — on  the  influence  of 
fats  on  formation  of  bilo,  136 — on 
the  alleged  eft'ects  of  fish  as  reoarda 
prolificness,  168 — tables  of  dietaries 
from,  187. 

Persoz,  experiments  of,  on  feeding 
geese,  i.  93. 

Perspiration,  moisture  thrown  oflf  in, 

i.  34 — apparatus  for,  418 — its  influ- 
ence, (Sic,  419  et  seq. 

Perspiring,  case  of  voluntary  power  of, 

ii.  222. 

Peru,  clay-eating  in,  i.  54. 

Peruvian  Indians,  keenness  of  sense 

of  smell  in,  ii.  317. 
Pesserais,  the,  a  fish-eating  race,  i. 

169. 

Peters,  Dr,  cases  of  non-coagulable 
blood  reported  by,  i.  258. 

Peyer's  glands,  i.  228. 

PflUger,  E.,  views  of,  on  the  spinal 
cord,  ii.  230 — on  choice  in  sleeping 
children,  241 — experiments  on  de- 
capitated frog  as  illustrating  choice, 
245. 

Philip,  DrW.,  views,  &c.,  of,  on  the 

spinal  cord,  ii.  227. 
Phosphate  of  lime,  proportion,  &o , 
of,  in  the  boily,  i.  99 — proportion  of, 
in  milk,  119. 
Phosphates,  Liebig  on  the,  i.  82. 
Phospliorus,  efiects  of  combination 
with  nitrogen  on,  i.  91 — as  an  ali- 
mentary principle,  148. 
Phrenology,  anatomical  difBculties  at- 
tending, ii.  115. 
Physical  laws  inadequate  to  explain 

chemical  phenomena,  i.  66. 
Physiological   laws,    distinction  be- 
tween, and  chemical,  i.  69. 
Physiologists,  error  of,  regarding  "un- 
conscious sensibility,"  ii.  65. 
Physiology,  true  relations  of  chem- 
istry to,  i.  65 — relations  of,  to  psych- 
ology, ii.  2. — importance  of  a  know- 
ledge of,  452. 
Pichegru,  alleged  small  amount  of 

sleep  taken  by,  ii.  357. 
Pig,  time  in  which  digested,  i.  157. 
Pigeon,  muscle  of,  albumen  in,  i.  123 
— proportion  of  the  brain  to  the 
spinal  cord  in,  ii.  266. 
Pigeons,  effects  of  remnval  of  the  cei'e- 

brum  on,  ii.  105,  108. 
"  Pius  and  Needles,"  sensation  of,  how 

caused,  ii.  300. 
Pitch  of  sound,  what,  ii.  322. 
Plants,  nutrition  in,  fallacy  regarding 
it,  i.  ii7 — cause  of  motion  of  sap  in,  339 
— influence  of  respiration  of,  on  air, 
354 — influence  of,  on  the  atmosphere, 
394 — development  of  heat  in,  412, 
413 — the  so-called  sleep  of,  ii.  347 — 
influence  of  each  parent  in,  390 — • 
the  potency  of  race  shewn  in,  4u7— 
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vp.pretal  life  in,  commou  to  tbem  aud 

animals,  430. 
Plantain,  the,  productiveness  of,  i.  lVl. 
Plasma  of  the  blood,  the,  i.  255. 
Plastic  ortis.sue  making  foods,  Liebig's 

classification  of,  i.  71. 
Plateau  ou  the  duration  of  impressions 

on  the  eye,  ii.  3i8. 
Plongeau,  M.,  case  of  prolonged  fast- 
ing reported  by,  i.  14. 
Pueumogastric  nerves,  influence  of, 

on  the  heart,  ii.  147. 
Pointer,  the,  why  it  hunts  with  its 

nose  ti)  the  ground,  ii.  317. 
Poisons,  different  actions  of,  as  regards 

the  nerves,  ii,  79. 
Poisoning,  alleged  relations  of  taste  in 

the  lower  animals  to,  ii.  304. 
Poisonous  plants,  eaten  by  animals,  i. 

02. 

Polar  regions,  alleged  greater  con- 
sumption of  heat-producing  food  in, 
i.  87. 

Polype,  influence  of  light  on  the,  ii. 
325. 

Pommer,  the  experiments  of,  on  star- 
vation, i.  11. 

Pons  Varolii,  the,  in  the  brain,  ii.  89, 
138 — ganglion  of,  90 — relative  weight 
of,  in  man,  97. 

Porcupine,  the,  its  power  of  abstinence 
from  water,  i.  48 — quills  of,  how 
raised,  ii.  39. 

Pork,  time  in  which  digested,  i.  157, 
158. 

Portal,  case  of  abuse  of  vinegar  from, 

i.  149. 

Portal  vein,  the,  i.  230,  320— injection 
of  sugar,  &c.,  into  it,  117 — destitute 
of  valves,  3U7 — in  the  fish,  324. 

Posterior  nerves,  motor  function  of 
the,  ii.  34 — proof  of  this,  38 

Potatoes,  gluten  in,  i.  128. 

Potter.  Mr,  illustration  of  semsation 
imder  chloroform  by,  ii.  64. 

Pressure,  the  sensation  of,  ii.  291. 

Priestley,  the  discoveries  of,  regarding 
air,  i.  352 — the  experiments  of,  on 
combustion  and  respiration,  390. 

Prochaska,  views  of,  on  the  sensoriura, 

ii.  42 — his  views  as  to  reflex  action, 
166,  167,  191— and  on  the  spinal 
cord,  226. 

Property,  distinction  between,  and 
function,  ii.  20  et  seq. — ilUistration 
of  the  relations  of  fiuiction  to,  93. 

Protein  bodies,  tlie  so-calltid,  i.  126. 

Proteus,  power  of  abstmence  of  the, 
i.  12 — its  blood  discs,  246. 

Prout,  Dr,  ease  of  mtitton  being  poi- 
sonous, given  by,  i.  60 — on  milk  as 
a  stjindai'd  of  food,  118. 

Prussia  acid,  effects  of,  on  the  blood, 
i.  386. 

P.^ychology,  relations  of,  to  pliysio- 
iogy,  ii  2 — defiuition  of  it,  ib. 


Puff-paste,  indigestible,  i.  170. 
Pulmonary  artery,  the,  i.  230,  320 — 

and  veins,  i.  293,  294,  295. 

 liibule.s,  the,  in  man,  i.  364. 

Pulse,  use  of,  among  the  Hindoos,  i. 

85 — insufiiciency  of,  eaten  alone,  ib. 
 the,  averiige  of,  at  different 

ages,  i.  330 — cause  of  it,  331. 
Pupil  of  the  ej'e,  the,  ii.  326. 
Putrefaction,  action  of  the  gastric  juice 

in  arresting,  t  210 — as  a  sign  of 

death,  ii.  451. 

QuADRUMAKA,  the  blood  discs  in,  L 
247. 

Quadrupeds,  the  blood  discs  in,  i.  244, 
•246. 

Qualitative  and  quantitative,  distinc- 
tion between,  in  connection  with 
pliysiological  and  chemical  laws,  i. 
69. 

Qualities,  the  hereditary  transmission 

of,  ii.  375  et  seq.  See  Parents. 
Quality  of  sound,  what,  ii.  322. 

Rabbits,  experiments  on  feeding  of, 

i.  179. 

Race,  influence  of,  on  transmission  of 
qualities,  ii.  407. 

RSaumur,  experiments  by,  on  diges- 
tion, i.  204 — experiments  of,  on  pro- 
longation of  infant  life,  ii.  442. 

Rectum,  the,  i.  219. 

Redford,  Mr,  case  of  animal  heat  after 
deatii  from,  i.  444. 

Redi,  experiments  by,  on  death  of 
birds  by  starvation,  i.  19. 

Reflex  action  and  feeling,  illustrations 
of,  ii.  56  et  seq. — action,  wb.at,  159 — 
the  theory  of  it,  and  examination  of 
this,  165  et  seq. — its  error  in  assum- 
ing these  actions  to  be  independent 
of  sensations  167  —  the  views  of 
Procliaska,  ib.  et  seq. — those  of  Mr 
Grainger,  172 — destitute  of  anato- 
mical basis,  174 — Muller  on  it,  175 — 
is  sensation  present  in,  ib. — argu- 
ments against  theory  from  sensation 
in  headless  animals,  176  et  seq. — ob- 
servation of  Hall  on  headless  turtle, 
ISO — refutation  of  his  conclusions. 
181 — obseiTations  in  support  of  it 
<m  division  of  spinal  cord,  and  cri- 
ticisms on  these,  186  et  seq. — in  the 
bnvin,  191  et  seq.  —  plienomena  of 
liydrophobia  in  connection  with  it, 
ltf2  et  S(?5.— reference  of  tlie  move- 
ments, &o.,  of  decapitated  animals 
to,  234. 

 fibres,  Mr  Grainger's  supposed, 

ii.  173 — Schrcerter  van  der  Kolk's, 
ib. 

 .and  reflected  impressions,  the 

current  views  rogardinir,  ii.  46. 

  nervous  phenomena,  tlio  so- 
called,  ii.  165. 
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Reflex  theory,  the  modern,  ii.  42 — 
how  the  spinal  cord  is  ro^'ardotl  by, 
225,  22S— spoiifc^noity  in  decapitated 
animals  denied  by  its  supporters, 
239.    See  also  Reflex  action. 

Ecgiiault,  experiments  by,  on  respi- 
ration, i.  8S1— on  the  chemical 
theory  oftuiimal  lieat,  442. 

Bem,ak  on  the  ganglionic  system  of 
the  heart,  i.  333 — on  its  pulsation 
after  death,  33(5. 

Kenal  veins,  the,  destitute  of  valves, 
i.  307. 

Eenault,  M.,  experiment  by,  on  horse- 
flesh, i.  163. 
Repair,  constancy  of,  in  the  oi-ganism, 

i.  4 — its  iuequaUty  with  waste  the 
cause  of  the  decline  of  life,  li.  441. 

Eeptiles,  the  blood  discs  in,  i.  246— 
no  valves  in  the  veins  of,  307 — re- 
spiratory organs  in,  3C2 — the  cei'e- 
bral  development  of,  ii.  91— relative 
■weight  of  brain  and  spinal  cord  in, 
97. 

Reproduction,  the  different  forms  of, 

ii.  403— the  law  of,  as  one  of  the 
laws  of  life,  429. 

Respiration,  the  air  breathed,  i.  353 — 
the  breathing  mechanism,  355 — de- 
finition of  it,  ib.  tt  ,se7.— variety  of 
organs  for,  362 — illustrated  from  the 
triton,  3fi3  et  scq.— in  man,  364  et 
seq. — effects  of  tight-lacing  on,  367— 
alteration  of  the  air  in  it,  36S — ne- 
cessity of  ventilation  to,  372— experi- 
ments sliewing  this,  374  et.  seq. — it  a 
vital  problem,  377— theories  of,  exa- 
mined, 389  et  seq.  —varieties  in  ani- 
mals as  regards,  397— effects  of  sleep, 
398— of  tempei-ature,  400— alleged 
dependence  of  anim.al  heat  on,  44  0 
et  seq. — relation  between  them,  446 
— the  medulla  oblongata  the  centre 
for  the  nerves  of,  ii.  14.5 — function 
of,  continuous,  433 — cessation  of,  as 
a  sign  of  death,  450. 

Respiratory  foods,  Liebig's  classifica- 
tion of,  i.  72. 

  noiwous  phenomena,  the  so- 
called,  ii.  165. 

 sense.  Bain  on  a,  ii.  279. 

Rete  mucosum,  the,  i.  35. 

Retina,  the,  proportion  of  water  in, 
i.  36 — as  the  medium  of  sight,  ii. 
325 — its  position,  &c.,  326 — the  for- 
mation of  images  on  it,  .and  relations 
of  this  to  sight,  328  ((  seq. — examina- 
tion of  its  structure,  and  proof  that 
it  is  not  on  it  images  are  foi-raed, 
330 — is  it  nervous,  331 — tr.ansparent 
during  life,  332 — it  insensible  to 
light,  332. 

Rhinoceros,  the  black  and  white,  dif- 
ferent fi'od  required  by,  i.  62. 

Rice,  analysis  of,  i.  84 — its  pecnlian- 
tics  as  an  aliment,  86 — albumen  iu, 


]04_gi„ten  in,  128— sugar  in,  139— 

productiveness  of.  171. 
Richardson,  Dr,  on  non  •  coagulablo 

blood,  i.  258  —  researches  on  the 

blood,  260. 
Richerand,  the  blood  discs  denied  by, 

i.  245. 

Rickets,  cause  of,  i.  100. 
Rigidity,  as  a  sign  of  death,  ii.  449. 
Riolan,  the  opponent  of  Harvey,  i. 
817. 

Roasting,  action  of,  on  meat,  i.  154. 
Robin,  C,  on  the  blood  discs,  i.  2-10. 

  and  Verdeil,  views  of,  us  to 

oxidation  of  carbon  in  the  organism, 

i.  441. 

Rolando,  hypothesis  of,  regarding  the 

nerves,  ii.  14  note. 
Ross,  Sir  John,  on  the  relations  of  diet 

and  cold,  i.  1 84. 
Rotifera,  suspended  animation  in  the, 

ii.  413. 

Rouglmess,  the  sensation  of,  ii.  291. 
Rousseau,  E.,  on  pulsation  of  the  heart 

after  death,  i.  336. 
 ,J.  J.,  his  argument  for  vegeta- 

riani.sm,  i.  173. 
Rudbeck,  discovei-y  of,  regarding  the 

lympliatics,  i.  317. 
Ruminants,  the  blood  discs  in,  i.  247 
Runge,  views  of,  on  the  circulation,  i. 

311. 

Rush,  on  the  effects  of  race  on  here- 
ditary tr.ansmissinn.  ii.  407. 

Russian  bath,  the,  i.  439. 

Ruysch,  researches  of,  on  coagulation 
of  the  blood,  i.  257. 

Rye,  albumen  in,  i.  124 — gluten  in, 
128 — meal,  sugar  in,  139. 

Rye,  estimate  of  weight  of  food  by,  i. 
186. 

Sagaret,  M.,  his  experiments  on  trans- 
mitted qualities  in  plant.s,  ii.  391. 

Sago,  as  an  article  of  diet,  i.  171. 

St  Hilaire  on  horse-flesh  as  an  article 
of  diet,  i.  160 — error  of,  regarding 
Descartes  and  Harvey,  310  note — ou 
the  influence  of  the  parents  as  to 
colour,  ii.  399 — on  hybrids  between 
wolf  and  dog,  400. 

St  Martin,  Alexis,  the  case  of,  i.  201 

Salamander,  the,  re-piratory  organ.s 
in,  i.  302 — observations  on  division 
of  sinu.al  cord  of,  ii.  189. 

Salamandra  atra,  the,  i.  248. 

Saliva,  the,  action  of,  on  the  food,  i. 
194 — infl\ienco  of,  on  the  digestion 
of  albuminous  substances,  212. 

Salivary  glands,  the,  i.  190 — may  ba 
cut  off,  109. 

Salmon,  difficulty  of  digesting,  i.  166. 

Salt,  presence  and  importance  of,  in 
the  body,  i.  103— uses  of,  in  pro- 
moting ondosmosc,  105,  107 — its  ac- 
tion eoucontrated  and  diluted,  142. 
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Salts,  proportion  of,  in  tlie  body,  and 
their  importance,  i.  99 — amount  of, 
in  blood,  262. 

Salt  bath,  effects  of,  on  thirst,  i  84. 

Samoyedes,  gluttony  of  the,  i.  183. 

Sanctorius,  estimate  of  weight  of  food 
by,  i.  186. 

Sap,  Draker  on  the  motion  of,  in  plants, 

i.  339. 

Sauvages,  cases  of  abstinence  from 
liquids  reported  by,  i.  48. 

Savart,  M.,  on  the  lowest  sound  audi- 
ble, ii.  322. 

Bc:irf-skin,  process  of  the  waste  and 
repair  of  the,  ii.  360. 

Schaffhausen,  sale  of  horse-flesh  in,  i. 
162. 

Scherer  on  inoaite,  i.  139. 

Schiflf,  Professor,  on  nervous  sensi- 
bility, ii.  34  note — experiments  of, 
regai-diug  the  grey  and  white  mat- 
ter of  the  spinal  cord,  39  note — expe- 
riments and  views  of,  regarding  the 
function  of  the  cerebellum,  127 — ex- 
periments of,  on  Flourens'  vital 
point,  146 — views  of,  regarding  the 
spinal  cord,  231— on  the  so-called 
muscular  sense,  280 — on  the  so-called 
tactile  corpuscles,  293 — on  sensation 
after  amputation,  296. 

Schirmer,  views  of,  as  to  organ  of 
taste,  ii.  301. 

Schmidt,  experiments  of,  with  regard 
to  bats,  &e.,  i.  90,  92 — on  the  sol- 
vent power  of  the  gastric  juice, 
.314. 

Bchouw,  definition  of  the  bread  coun- 
tries by,  i.  172. 

Schroeder  van  der  Kolk,  his  observa- 
tions on  the  gastric  juice,  i.  2ii2,  214 
— views  of,  on  the  necessity  of  the 
brain  to  sensibility,  ii.  85  note — as  to 
the  cerebeUum  and  spinal  cord,  127 
note — on  the  medulla  oblongata,  141 
— and  on  the  spinal  cord,  154audno(c 
— the  alleged  reflex  fibres  of,  173  et 
siq. — on  Prtuger's  experiments  on 
decapitated  animals,  248  —  and  on 
those  of  Szokalski,  267 — his  mode  of 
making  microscopic  preparations, 
271— views  of,  on  the  muscular 
sense,  282. 

Schultz,  C.  H.,  his  views  on  the  sa- 
liva, i.  19.5. 

Schwann  onthechemical  action  of  the 
saliva,  i.  196  —  apijli'jation  of  the 
ceU  theoi-y  to  animals  by,  ii.  426. 

Sciences,  the,  different  classes  of  pro- 
blems submitted  to  each,  i.  65. 

Scioutifio  explanation,  distinction  be- 
tween, and  common  observation,  i. 
192 

Sclerotic  membrane  of  the  eye,  the, 

ii.  326. 

Bcoresby,  Eov.  Dr,  on  spectral  illu- 
sions, ii.  336. 


Scorpion,  power  of  abstinence  of  the, 

i.  12. 

Scurvy,  cause  of,  at  sea,  i.  148. 
Sea  anemones,  the,  digestion  in,  i.  194 
and  note. 

Sea-hare,  action  of  the  intestinal  juice 
in  the,  i.  229 — nervous  system  of 
the,  comp:u-ed  with  that  of  the  in- 
sect, ii.  95. 

Sea-weeds,  temperature  of,  i.  408. 

Seal,  the,  its  power  of  abstinence,  i. 
12— quantity  of  blood  in,  273— ex- 
cretory fuQctiun  of  the  hair  in  the 
foetus,  287. 

Seamen,  command  over  sleep  pos- 
sessed by,  ii.  354. 

Seasons,  the,  influence  of,  on  animal 
temperature,  i.  435  et  seq. 

Secretion,  function  of,  not  continuous, 

ii.  433. 

Seeberg  and  Ericksen  on  the  so-called 
olfactory  nerves,  ii.  309. 

Seeing,  relations  of,  to  various  mus- 
cular adjustments,  ii.  286.  See 
Sight. 

Sensation,  mystery  of,  il  1 — ^inconsist- 
ency of  current  views  regarding,  47 
—  relations  of,  to  consciousness,  49 — 
proposed  restriction  of  the  term,  54 
— Ulustration  of  reflex  action  follow- 
ing on,  58 — the  active  state  of  sensi- 
bility, 59 — can  it  exist  without  per- 
ception, 61 — illustrations  of  it  dur- 
ing sleep,  62  et  seq. — distinction  be- 
tween, and  impression  and  percep- 
tion, 69 — circumstances  which  de- 
termine the  kind  of,  82 — its  aUegei 
dependence  on  the  brain,  85 — the 
cerebellum  as  a  seat  of,  133 — the 
views  of  Sir  Charles  Bell  on,  143, 
144 — proofs  of,  in  headless  animals, 
177,  239  et  seq. — blending  of  thought 
with  perception  in  connection  with, 
343.  _ 

Sensations,  the  nerves  which  convey, 
il.  34 — the  isolation  of,  by  attention, 
51 — illusti-ation  of  this,  52 — differ- 
ence between  consciousness  of  and 
attention  to  them,  63 — illustration 
of  perceived  and  unperceived,  64 — 
never  self-terminating,  55 — concur- 
rence of,  to  form  the  general  con- 
sciousness, 65 — those  which  give 
rise  to  that  of  existence,  66 — those 
derived  through  the  miiscular  sense, 
67 — the  systemic,  68 — alleged  depen- 
dence of,  on  the  cerebram,  105 — 
sense  and  sj-stemic,  117  —  impor- 
tance of  guiding,  in  the  animal  me- 
chanism, 162 — action  of,  in  exciting 
other  sensations,  203 — influence  of 
ideas  of,  in  guiding  actions,  216 — de- 
finition of,  275 — ^how  different  kinds 
are  determined,  276 — specialised  by 
different  organs,  ib.  et  seq. — classi- 
fied into  systemic  and  sense,  27S— 
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orgiinic,  279  —  surface,  2SS  —  how 
those  of  touch  are  localised,  293— 
development  of  tliis  power,  295,  298 
— subjeclivo,  relations  of,  to  dream- 
ing, 3t;7.  ,.„ 

Sense,  the  special  organs  of,  difference 
between  their  sensibility  and  that 
of  the  skin,  ii.  291. 

Senses,  the,  number  of,  ii.  273  et  seq. — 
objections  to  the  number  five,  274— 
difficulties  regarding  the  number, 
275 — the  different  organs  specialise 
the  sensations,  276 — the  muscular, 
2S0— value  of,  in  warning  against 
danger,  303  — touch,  292  et  seq. — 
taste,  300  et  seq.—svaeU,  306  et  seq.— 
hearing,  317  et  seg.— sight,  325  et  seq. 
—dormancy  of,  during  sleep,  348 — 
partial  inactivity  of,  during  sleep, 
and  relations  of  this  to  dreaming, 
368  et  seq. 

Sense-cousciouBness,  definition  of  the, 

ii.  77.  .  , 

Sense-sensations,  relations  of,  to  intel- 
lect, ii.  117— whac,  278,  291  et  stq.— 
undue  importance  given  to  the,  344. 
Sensibility,  definition  of,  ii.  8 — the 
property  of  the  nerve  centres,  13, 
24— what  it  is,  19— the  property 
of  all  ganglionic  tissue,  24,  40 — 
the  current  views  of,  as  limited  to 
the  brain,  46— inconsistency  of  those 
regarding  its  relations  to  sensation, 
47 — the  so-called  unconsciovis,  48 — 
general  statement  of  the  law  of,  55 
— sensation  the  active  state  of,  59 — 
the  current  classification  of,  into 
conscious  and  unconscious,  72  — 
nervous,  analogous  to  muscular  con- 
tractility, 73— the  common  property 
of  all  nerve-centres,  82  —  circum- 
stances which  regulate  the  form  of, 
ib. — the  current  views  of  the  neces- 
sity of  the  bniin  to  it,  85 — relations 
of  the  cerebrum  to,  113 — popular 
subdivision  of  the  forms  manifested 
by  the  latter,  114— hypothesis  pro- 
posed regarding  this,  115  et  seq. — 
proof  that  it  is  common  to  all  gan- 
glia, 179  —  analogy  between,  and 
muscular  contractility,  195 — the  de- 
velopment of.  in  connection  with 
complexity  of  the  oruanism,  277 — 
activity  of,  during  sleep,  349. 
Sensori-motor  actions,  the,  ii.  193. 
Sensoiium,  po.'^ition  of  the,  ii.  40. 

 commune  of  the  physiologists, 

the,  ii.  40— current  views  regarding, 
84 — of  Prnchaska,  the,  167  el  seq. 
Sensory  and  motor,  the  distinction  of 
nerves  into,  ii.  21,  25  et  seq. — defini- 
tion of,  26 — examination  of  the  ques- 
tion, 31  et  seq. — researches  on,  and 
their  results,  34. 
Sensory  function,  the  anterior  nerves 
proved  to  possess,  ii.  38. 


Sepoy,  the,  compared  with  the  Gaucho, 
i.  121. 

Serum  of  the  blood,  the,  i.  25G. 

Servetus,  discovery  of,  regarding  the 
circulation,  i.  300. 

Sex,  relations  of,  to  animal  heat,  i.  431. 

Slieef),  the,  plants  rejected  by,  i.  62 — 
experiments  on  feeding  on  turnips, 
83 — and  on  cross  breeding,  ii.  407. 

Sheeps'  feet  bones,  fat  in,  i.  135. 

Siam,  clay-eating  in,  i.  54. 

Siamese  twins,  differences  of  charac- 
ter between  the,  ii.  379. 

Siberia,  clay-eating  in,  i.  54. 

Sighing,  what,  i.  399. 

Sight,  proofs  of  retention  of,  after  re- 
moval of  cerebrum,  ii.  108  —  the 
sense  of,  325 — the  eye  as  the  organ 
of,  ib. — description  of  it,  326 — vari- 
ous theories  of,  327 — eiTOr  of  the 
popular  conception,  328 — the  image 
on  the  retina  not  transmitted  as 
such  to  the  brain,  ib.  et  seq. — wliere 
is  the  image  formed?  329 — shewn  to 
be  not  on  the  retina,  332  et  seq. — 
Professor  Draper's  theory  of  it,  333 
et  seq. — its  subjective  character,  334 
— spectral  illusions,  335 — duration 
of  impressions  on  the  eye,  338 — sin- 
gle vision  with  two  eyes,  339  et  seq. 
— cases  of  double,  340 — ^why  objects 
are  not  seen  inverted,  341. 

Simon,  John,  on  the  blood,  i.  116 — 
eras  of  life  as  defined  by,  ii.  436,  437. 

Singing,  adjustment  of  the  muscles  in, 
how  directed,  ii.  286. 

Skin,  the  scarf  and  the  true,  i.  35 — 
respiration  by  the,  356 — the  move- 
ment of  the  muscular  fibres  of,  ii.  39 
— views  of  Schiff,  &c.,  on,  in  regard 
to  thji  muscular  sense,  282 — univer- 
sal sensativity  of,  289 — different  de- 
grees of  this,  290 — its  different  forms, 
291 — difference  between  it  and  the 
special  organs  of  sense,  ib. — cold- 
ness, &c.,  of  the,  as  a  sign  of  death, 
449. 

 nerves,  what,  ii.  39 — unaffected 

by  the  Woorara  poison,  79. 

Sleep,  effects  of  extreme  thirst  on,  i. 
49 — effects  of,  on  respiration,  398 — 
illustrations  of  sensation  during,  ii. 
62  et  seq. — action  of  the  spinal  cord 
during,  267— what  is  it?  346— diffi- 
culty of  defining  it,  347,  349 — its  phe- 
nomena, ib. — no  analogy  between  it 
and  death,  and  no  antagonism  be- 
tween it  and  life,  348 — held  by  some 
to  be  the  normal  condition,  ib. — Sir 
H.  Holland's  view  of  it,  349 — a  con- 
stant oscillation  between  sleeping 
and  waking,  ib. — gradual  transition 
from  waking  to,  350  et  seq, — tlie  im- 
pulse to  it  irresistible,  352 — cases 
illustrtiting  this,  ib.  et  seq. — effects 
of  cold  in  inducing,  ib.  et  seq., — ex- 
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amplos  of  command  over,  354 — ^lieat 
as  a  predisijosing  cause,  ib. — ten- 
dency to,  in  ohui-oh,  355 — pi-evented 
by  cold,  cerebral  excitement,  &c., 
356 — its  duration,  ib. — amount  of,  at 
different  ages,  368 — does  nutrition 
go  on  cbiefly  during  it,  ib. — its  re- 
storative influence,  361 — produced 
hy  temporary  congestion,  363 — how 
prevented  by  over  fatigue,  364  — 
dreams,  365. 

Sleeplessness,  wby  attendant  on  star- 
vation, i.  22. 

Slug,  loss  of  vpeight  by  the,  during 
want  of  food,  i.  19 — tlie  blood-vessels 
of,  314. 

Small  intestines,  what,  i.  219. 

Smell,  its  relations  to  taste,  ii.  304 — 
the  sense  of,  306 — the  organs  of,  307 
— the  so-called  olfactory  nerves  not 
essential  to,  310  ei  seq. — only  affected 
by  substances  in  gaseous  state,  314 
— Graham  on  it,  ib. — ^varieties  of 
sensibility,  taste,  &c.,  in  regard  to 
it,  315 — its  uses,  316 — its  keenness 
in  certain  circvunstanees,  ii. 

Smith,  Dr  P.,  observations  on  Alexis 
St  Martin,  by,  i.  202. 

Smoking,  influence  of,  on  digestion,  i. 
236. 

Smoothness,  the  sensation  of,  ii.  Z-^l. 
Snake,  effects  of  division  of  spinal 

cord  on  a,  ii.  186  et  seq. 
Snakes,  power  of  abstinence  of,  i.  12. 
Snow,  thirst  aggravated  by,  i.  110. 
Soil,  organic  principles  necessary  in, 

to  plants,  i.  97. 
Solauder,  Dr,  anecdote  of,  ii.  352  et  seq. 
Solanese,  the,  rejected  by  the  goat, 

&c.,  i.  62. 
Soldier,  dietary  of  the,  i.  188.  ^ 
Soldiers,  command  over  sleep  pos- 
sessed by,  ii.  354. 
Solly,  Mr,  report  by,  of  a  case  of  the 

cerebellum  wanting,  ii.  129. 
Somnambulists,  peculiarity  regarding 

the  dreams  of,  ii.  373. 
Soul,  the,  animates  the  whole  body, 

ii.  224,  225. 
Soul-sensations  of  Prochaska,  the,  ii. 

42. 

Sound,  the  sensations  of,  how  heard,  ii. 
317 — intensity,  pitch,  and  quality  of, 
322 — the  highest  and  lowest  audible, 
ib.    See  Hearing. 

Sounds,  eSects  of  habitual,  as  regards 
sensation  and  consciousness,  ii.  6ii — 
subjective,  how  caused,  324 — appre- 
ciation of  the  direction  of,  ib. 

Soup,  prepared  by  slow  boiling,  i.  155. 

Soups,  nutritive  powers  of,  i.  129. 

South  America,  clay-cating  in,  i.  64. 

Bpallanzani,  the  experiments  of,  on 
digestion,  i.  204 — experiments  by, 
on  the  circul.ation,  342 — researches 
of,  on  respiration,  352,  892— obser- 


vations of,  on  the  tadpole,  361— on 
temperature  and  respiration,  400. 
Spawning,  inferiority  of  fish  after,  i. 
100. 

Spectral  illusions,  theory  of,  ii.  335. 
Spencer,  Herbert,  definition  of  life  by, 
ii.  425. 

Spices,  thirst  increased  by,  i.  33. 
Spider,  power  of  abstinence  of  the, 

i.  12. 

Spiders,  respiratory  organs  in,  i.  362. 
Spiess,  views  of,  on  the  muscular 

sense,  ii.  282. 
Spinal  cord,  the,  a  seat  of  sensibility, 

ii.  23 — composition,  <5:c.,  of  the,  26 
et  seq. — distribution  of  the  nerve- 
roots  on,  33 — alleged  difference  of 
function  between  the  two  halves 
of,  39  note  —  positions  of  the  gray 
and  white  matter  in  it,  43 — rela- 
tive weight  of,  in  different  animals, 
97 — supposed  dependence  of,  on  the 
cerebrum,  119— effects  of  division  of 
in  different  ways,  125 — relations  of 
the  medtiUa  oblongata  to,  138 — its 
structure,  151— old  hypotheses  re- 
garding it,  152 — anterior  and  poste- 
rior aspects  of  nerves  and  cord,  153 
— transverse  section  of  it,  155,  156 — 
its  nerve  cells,  156 — views  regarding 
these,  157 — it  shewn  to  be  a  series 
of  ganghoidc  centres,  158 — MtuBhaU 
Hall's  observations  on  division  of, 
186  et  seq. — criticism  on  his  conclu- 
sious,  187  et  seq. — Grainger's  experi- 
ments, (tc,  189 — 33  a  sensational 
and  volitional  centre,  225  —views  of 
earlier  writers  on  it,  226  et  seq. — 
en-or  of  the  reflex  theory  regarding 
it,  229 — deduct  ive  evidence  in  favoiu- 
of  its  sensational  character,  231 — ^its 
similarity  of  structure  to  the  brain, 

232 —  and  to  the  meduUa  oblongata, 

233 —  similarity  of  property  to  be 
inferred  from  this,  ib.  et  seq. — induc- 
tive evidence  that  it  is  a  seat  of 
sensation,  <fec.,  237 — spontaneity  and 
choice  in  decapitated  animals,  239 
et  seq. — experiments  shewing  results 
of  its  division,  249 — division  origi- 
nates two  nervous  centres,  and  er- 
rors arising  from  disregarding  this, 
251  et  seq. — evidence  against  its  sen- 
sibility, 259  —  examination  of  the 
evidence  from  patients  with  diseased 
spines,  260  et  seq. — its  proportion  to 
the  brain  in  different  animals,  265 — 
what  part  it  plays,  266 — probable 
character  of  its  sensibility,  267 — mi- 
croscopic preparations  of  it,  270  et  .«f^. 

 veins,  the,  destitute  of  valves, 

i.  307. 

Spine,  disease  of  the,  examination  of 
evidence  from  attendant  pheno- 
mena against  the  sensibility  of  the 
epiual  cord,  U.  260. 
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Spleen,  the,  its  position,  i.  230,  320. 

Spontaneity,  proofs  of,  after  removal 
of  the  bniin,  ii.  1S4  et  seq. — how 
manifested  by  animals,  23" — bow 
originated  in  tbom,  23S— as  a  means 
of  recognising  sensation  and  voli- 
tion, 23t» — indications  of  it  in  decapi- 
tated animals,  ib.  et  seq. 

StiXgbeetlo,  power  of  abstinence  of  the, 
i.  12. 

Sta.bl,  the  doctrine  of,  regarding  the 
soul,  ii.  224 — definition  of  life  by,  425. 

St;dUon,  influence  of,  in  horse-breed- 
ing, ii.  391  el  seq. 

Stapes  or  stimip,  the,  in  the  ear,  ii. 
321. 

Starch,  how  classed  by  Liebig,  i.  71 
— as  an  alimentaiy  principle,  138 
—  intestinal  action  on,  219  —  con- 
verted into  sugar  by  the  saliva,  196 
et  seq. — action  of  the  pancreatic  juice 
on,  226,  227. 

Starvation,  the  last  gradation  of  hun- 
ger, i.  3 — its  effects  on  the  blood,  8 
— periods  when  death  ensues  from, 
12 — the  aspects  of,  21 — its  effects  on 
the  nervous  matter,  ib. — sleepless- 
ness attendant  on  it,  22 — its  ago- 
nies, 23 — case  of  voluntary,  25. 

State,  the,  the  family  not  the  type  of, 
i.  66. 

Steam-engine,  the  comparison  of  the 
body  to  a,  i.  7. 

Steinbuck,  the,  its  power  of  subsist- 
ing without  water,  i.  48. 

Stethoscope,  value  of,  for  determining 
the  reality  of  death,  ii.  451. 

SteveUy,  Professor,  on  spectral  illu- 
sions, ii.  335  et  .'eg. 

Stich  on  the  taste  of  gases,  ii.  302. 

Stilling,  his  mode  of  microscopic  pre- 
paration, ii.  270. 

Stimulation,  carbonic  acid  the  agent 
of,  in  the  blood,  i.  281  et  seq. 

Stomach,  the,  effects  of  prolonged  ab- 
stinence on,  i.  24— emptiness  of,  not 
the  cause  of  hunger,  28,  29— the  food 
in  it  stiU  outside  the  organism,  31 — 
the  seat  of  the  sensation  of  hun- 
ger, its  state  in  the  fiisting  ani- 
mal, 32 — h  sugar  injurious  to?  140, 
141— process  of  digestion  in,  201  et 
seq. — its  mechanical  action,  202 — its 
chemical,  204— amount  of  digestion 
in,  215— action  of  the  gastric  juice 
on  it,  216— digestion  in,  arrested  by 
bile,  223— its  position,  &c.,  230,  231, 
820. 

Stone,  the,  arrested  by  vegetable  diet, 
i.  175. 

Strawberries,  sometimes  pernicious, 
i.  60. 

Stmctm-e,  identity  of,  implies  iden- 
tity of  properties,  ii.  21— relation  of, 
to  property  in  nerves,  82. 

Subjective  sounds,  what,  ii.  824. 

VOL.  11. 


Sublingual  gland  and  secretion,  the, 
i.  196 — position.  &c.,  of,  230,  231,  320. 

Submaxillary  gland  and  secretion, 
the,  i.  196 — position,  &c.,  of,  230, 
231,  320. 

Sudoriparous  or  sweat  glands,  see 
Sweat. 

Sue,  J.  J.,  views  of,  on  the  spinal 
cord,  ii.  220. 

Suffocation,  effects  of,  on  coagulation 
of  the  blood,  i.  259  —  case  of,  by 
charcoal  fumes,  347 — by  drowning, 
348 — identity  of  death  in  these,  349 
— causes  of,  and  phenomena  attend- 

■  ing  it,  383— deaths  from,  387. 

Sugar,  case  in  which  pernicious,  i.  60 — 
hnw  classed  by  Liebitr,  7 1  —  action 
of  ye.ast  on,  113 — experiments  on 
iujection  of,  117 — proportion  of,  in 
milk,  119 — as  an  alimentary  prin- 
ciple, 138  et  scg.— .starch  converted 
by  the  saliva  into,  196  et  seq. — ^pre- 
sence of,  in  blood,  263. 

Sugars,  necessity  of,  in  food,  i.  120 — 
action  of  the  gastric  juice  on,  206 — 
results  of  stomachic  action  on,  215. 

Suicide  by  starvation,  case  of,  i.  25 — 
by  charcoal  fumes,  347 — ^by  drown- 
ing, and  identity  of  these  two,  348. 

Sulphur  as  an  alimentary  principle,  i. 
148. 

Sunlight,  effects  of,  on  respiration,  i. 
371,  398. 

Surface,  respiration  by  the,  i.  366. 
Surface-sensations,  what.  ii.  288 — one 

of  the  classes  of  systemic  sensations, 

279. 

Suspended  animation,  illustrations  of, 
ii.  413. 

Swammerdamm,  the  blood  discs  dis- 
covered by,  i.  244 — experiment  of, 
on  tying  the  anrta,  279 — reception 
of  Harvey's  doctrine  by,  310. 

Sweat  glands,  action  of  the,  .and  re- 
presentation of  one,  i.  35,  418.  See 
also  Perspir.ation. 

Sweets,  effects  of,  on  flavour  of  wines, 
ii.  305. 

Sweetbread,  albumen  in,  i.  123  — 

fibrine  in,  il>.  —as  an  article  of  diet, 

and  its  composition,  159.    See  also 

Pancreas. 
Sweet  flag,  after-taste  from  the,  ii.  305. 
Swimming,  shewn  to  be  not  a  reflex 

.action,  ii.  257. 
Syntonin,  what,  i  124,  257. 
Systemic  consciousness,  what,  ii.  74 

etseq. — importance  of  it,  344 
 sensations,  the,  ii.  68,  278  et  seq. 

— that  of  thirst,  i.  46 — relations  of, 

to  emotion,  ii.  117 — their  influence 

in  dreams,  372. 
Systole  of  the  heart,  what,  i.  329. 
Szokal.ski,  experiments  on  brainless 

animals   by,  and   his  deductions 

from  tlicm,  ii.  257. 

2  H 
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Tactile  coi-puscles,  tho  so-called,  ii. 
•292— not  tactile  organs,  293. 

Tadpole,  the,  development  of  the 
blood  in,  1.  278  note  —  circulation, 
&o.,  in  its  tail,  361. 

Tannin,  after-taste  of,  ii.  30.5. 

Taste,  the  meduUa  the  centre  of  the 
nerves  of,  ii.  139— the  sense  of,  300 
—the  tongue  as  its  organ,  ib. — other 
•views  held  as  to  its  organ,  301 — 
solution  necessary  to  it,  ib. — excited 
by  mechanical  and  electrical  sti- 
muli, 302  —  its  use  in  wai-ning 
against  deleterious  substances,  303 
—relations  of  smell  to,  304— after- 
tastes, 305  — -variety  necessary  in 
relation  to,  i6.— excited  through  the 
blood,  306. 
Tea  as  an  article  of  diet,  i.  175,  176 — 

effects  of,  on  respiration,  371. 
Teeth,  the,  is  sugar  injurious  to,  i. 
140, 141— action  of,  on  the  food,  194— 
importance  of  it,  200. 
Temperament,  origin  of  differences  of, 

i.  69. 

Temperature,  influence  of,  on  the  de- 
mand for  food,  i.  6— alleged  influ- 
ence of,  as  to  character  of  dietary, 
87— effects  of,  in  Messrs  Lawes  and 
Gilbert's  experiments,  88  et  seq.— 
influence  of,  on  the  cu-culation,  342 
—on  respiration,  400— on  perspira- 
tion, 419— and  on  the  breathing  of 
the  frog,  &c.,  453— the  sensation  of, 

ii.  142 — this  received  through  the 
skin,  289— effect  of  destruction  of 
epidermis  on  sensibihty  to,  298 — 
difference  in  right  and  left  hand  as 
regards,  ib. — ^relations  of,  to  vision, 
333  et  seg.— dependence  of  chemical 
action  on,  419.  .  . 

Tepid  drinks,  influence  of,  m  allaymg 
thirst,  i.  46.  .     ■,  ,     j.  • 

Tetanus,  effects  of,  on  animal  heat,  i. 
445 

Theine,  different  effects  of,  in  difl'erent 

conditions,  i.  110. 
Thermo-electrometer,  the,  i.  409. 
Thigh,  tactile  sensibility  of  the,  u. 

297. 

Thinking,  see  Thought. 

Thirst,  the  sensation  of,  i.  33— its  pri- 
mary cause,  34— rapidity  of  death 
from,  37— suffering  from  it,  38— the 
Black  Hole  of  Calcutta  as  an  illus- 
tration of.  ib.  a  scg.— tepid  drinks  or 
ice  best  for  allaying,  46— the  eflfects 
of  49_kills  by  an  inflammatory 
fever,  i6.— aggravated  by  snow  and 
allayed  by  ice,  110.  _ 

Thoracic  duct,  the,  position,  &o.,  ol, 
i.  230,  231,  320.  , ,  j 

Thought,  mystery  of,  u.  1— tho  blend- 
ing of,  -with  perception,  343. 

Thoughts,  how  they  are  controlled,  u. 
217. 


Thought-consciousness,  definition  of 

the,  ii.  77. 
Ticking,  the  sensation  of,  due  to  the 
nerve  filaments  of  the  skin,  ii.  289. 
Tight-lacing,  effects  of,  on  respiration, 
i  367. 

Tissue,  what  it  is,  I  3— various  kinds 
of,  4 

Tissues,  the,  non  -  nitrogenous  sub- 
stances essential  to,  i.  75  —  how 
nourished  by  the  blood,  285— their 
waste  and  repair  continuous,  ii.  860, 
361. 

Tissue-making  foods,  Liebig's,  1  71. 
Toads,  respiratory  organs  in,  i.  362 — 
the  winter  life  of,  452 — suspended 
animation  in,  ii  413. 
Tobacco,  influence  of,  on  digestion,  i. 
236. 

Todd  and  Bowman  on  the  nervous 
system  of  the  heart,  i.  333 — on  the 
motor  and  sensory  nerves,  ii  32 — 
on  sensation  and  perception,  53 — on 
the  brain,  84 — on  the  so-eaUed  ol- 
factory nerves,  308. 
Tones,  the  effect  of,  ii.  323. 
Tongue,  the,  comparative  sensitive- 
ness of,  ii.  290 — more  sensitive  as  to 
touch  than  the  hand,  292— tactile 
sensibUity  of  its  tip,  297— as  the 
organ  of  taste,  300,  301. 
Tortoise,  effects  of  removal  of  the 

brain  on  a,  ii.  184. 
Total  abstinence,  errors  of  the  advo- 
cates of,  i.  142  et  seq. 
Touch,  the  sensation  of,  ii.  142,  291 — 
the  sense  of,  292  rt  .^eg.- localising 
of  its  sensations,  293  et  seq. — develop- 
ment of  this  faculty,  295— sensibi- 
lity of  various  parts  of  body,  297 — 

 effect  of  desti-uction  of  epidermis 

on  it,  298 — the  process  of  localisa- 
tion, 299.  . 
Towns,  proposals  to  purify  the  air  of, 

by  trees,  i.  394,  395. 
Trachea,  the,  i.  295— its  office  m  re- 
spiration, 364. 
Transfusion  of  blood,  the,  i.  274  et  seq. 

— when  applicable,  277. 
Trees,  proposals  to  plant  in  cities  to 

purify  the  air,  i.  394. 
Treviranus,  definition  of  life  by,  ii. 
424. 

Tripe  as  an  article  of  diet,  i,  159. 
Triton,  the,  its  blood  discs,  i.  246— 
circulation  after  removal  of  tho 
heart  in,  326— iihenomenon  on  open- 
ing one,  ib.  note — respiratory  oi-gans 
in,  362— the  limg  of,  363— decapi- 
tated, experiments  as  to  sensation 
in,  ii.  239,  243  ct  srg.— expeiiments 
on  division  of  spinal  cord  of,  249  et 
—proportion  of  the  sjunal  cord 
to  the  bi-ain  in,  265,  266. 
Trituration,  process  of,  in  digestion, 
L  193. 
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Tropical  vegetables,  the,  i.  171.  . 
Turkey,  time  in  which  digested,  i. 
159. 

Turnips,  e.Kperiinonts  on  feeding  shoop 
on,  i.  S3— gluten  in.  1-S. 

Tiutle  Marshall  Hall's  observations 
on  a' headless,  ii.  ISO  et  seq. 

Twins,  diflerences  of  character  be- 
tween, ii.  379.  ..  „,„  .1 

Tympanum  of  the  ear,  the,  n.  319— its 
integrity  not  essential  to  hearing, 
ii.— part  it  plays,  320. 

Unconscious  sensibility,  the  so-called, 
ii.  47— error  of  physiologists  regard- 
ing, 65,  72. 

Unfelt  sensations,  so  called,  ii  47. 

Uterine  veins,  the,  destitute  of  valves, 
i.  307. 

Valentin,  estimate  by,  of  quantity  of 
food  required,  i.  ISO — on  the  rela- 
tions of  sensitiveness  to  th3  abund- 
ajice  of  nerve  filaments,  ii.  290— 
views  of,  as  to  the  organ  of  taste, 
301 — on  the  waste  of  the  tissues 
during  hybernation,  361. 

Van  Oven,  on  the  causes  of  life's  de- 
cline, ii.  440. 

Vapour,  exhalation  of,  in  respiration, 
i.  368. 

Ve.al,  muscle  of,  albumen  in,  i.  123— 
and  fibrine,  t6.— why  less  digestible 
than  beef,  152— time  in  which  di- 
gested, 15S. 

Vegetables,  albumen  and  fibrine  in,  i. 
124 — as  articles  of  diet,  171— intes- 
tinal digestion  of,  219. 

Vegetable  albumen,  how  classified  by 
Liebig,  i.  71— Mulder's  discovery  re- 
garding, 113. 

 Ufe,  influence  of,  on  the  atmo- 
sphere, i.  394. 

 matters,  results  of  stomachic 

action  on,  i.  215. 

Vegetal  hfe,  what,  ii.  430 — common  to 
plants  and  animals,  its  organs 
not  invariably  single,  431 — the  so- 
called  law  of  continuity  as  cliarac- 
terising,  432. 

Vegetative  organs,  the,  said  to  be 
given  by  the  female,  ii.  391,  398. 

Vegetarianism,  arguments  against,  1 
173. 

Veins,  the,  injection  of  food  into,  i.  30 
— and  of  water,  34 — error  of  the 
ancients  regarding,  297,  298 — dis- 
coveiy  of  their  valves,  305— these 
not  always  present,  307. 

Foice  coi-re,  the,  i.  230,  294,  320— des- 
titute of  valves,  307 — in  the  fish, 
324. 

Venison  steak,  time  in  which  digested, 
i.  157. 

Venous,  when  the  blood  becomes,  1. 
242. 


Venous  blood,  distinction  between, 
and  lU'terial,  i.  2G5 — sometimes  scar- 
let, 269 — views  of  the  ancients  re- 
garding, 29S. 

Ventilation,  necessity  of,  i.  372  et  seq. 
— increased  attention  to,  in  Eng- 
land, 37.3 — experiments  shewing  its 
importance,  374. 

Ventricles,  the,  i.  293,  294— in  the 
fish,  324. 

Verdeil  on  the  eifect  of  vegetarianism 
on  the  blond,  i.  175. 

Vertebral  column,  relations  of  the 
cerebelKim  to  the,  ii.  127. 

Vertebrate  animiUs,  progression  and 
variety  of  cerebral  development  in, 
ii.  90  et  seq. 

Vesalius,  discovery  of,  regarding  the 
heart,  1.  299— Titian  not  the  illus- 
trator of  his  work,  ib.  ?io<e— case  of 
pulsation  after  death  experienced 
by,  336. 

Vices,  hereditary  transmission  of,  ii. 
3S5. 

Vioq-d'-Azyr  on  the  mule,  ii.  390. 
Vienna,  consumption  of  horse-flesh  in, 
i.  163. 

Vieussens,  seat  assigned  the  senso- 
rium  by,  ii.  41. 

Villedieu,  the  Abbe  do,  case  of,  i.  59. 

Vinegar,  use  of,  i.  14S — its  employ- 
ment to  keep  down  fatness,  149. 

Virchow  on  the  fibrine  of  the  lymph, 

i.  315 — on  nervous  activity  in  rela- 
tion to  nutrition,  ii.  362. 

Viscera,  the  sensations  derived  through 
the,  ii.  345. 

Vision,  relations  of  animal  heat  to,  i. 
427 — why  single  with  two  eyes,  ii. 
339 — cases  of  double,  and  explana- 
tion of  them,  340.    See  also  Sight. 

Vital  activity,  effects  of,  on  respira- 
tion, i.  398. 

 force  or  forces,  the  so-called,  ii. 

415  et  seq. — fail  to  control  chemical 
affinities,  417. 

 mechanism,  the,  ii.  160  et  seq. 

 principle,  the  so-eaUed,  i.  210— 

in  relation  to  animal  heat,  407 — the 
old  hypothesis  of  a,  414. 

 point,  the  supposed,  ii.  145. 

 processes,  true  relations  of  che- 
mistry to,  i.  64. 

 unity,  what,  and  its  influence, 

ii.  421. 

Vitality,  importance  of,  in  the  mecha- 
nical adjustments  of  the  organism, 
ii.  161 — intimate  connection  of  che- 
mical action  with,  418. 

Vitiated  air,  experiments  shewing 
eflects  of,  i.  374  et  seq. 

Vitreous  humour  of  the  eye,  the,  ii.  327. 

Vivisection,  on  the  alleged  cruelty  of, 
ii.  36  note. 

Volatile  oils,  the,  as  condiments,  1. 137. 

Volition,  alleged  dependence  of,  on 
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the  cerebrum,  ii.  105 — proof  to  the 
contrary,  los— tlie  cerebellum  as  a 
seat  of,  133 — relations  of,  to  tlie 
actions,  197  et  seq. — MUUer's  views 
on,  208— and  Mr  Bain's,  209  et  seq.— 
the  exhibitions  of,  in  decapitated 
animals,  239  et  seq. 

Volkmann,  experiments  of,  on  ner- 
vous sensibility,  ii.  34  note — experi- 
ments by,  on  brainless  animals,  258. 

Voluntary  actions,  distinction  be- 
tween, and  involuntary,  ii.  197 — 
the  popular  view,  ib.  —  defects  of 
this,  199  et  seq. — nature  of  control, 
200  et  seq. — influence  of  association 
of  ideas,  204  et  seq. — no  essential 
difference  between  them  and  in- 
voluntary, 205  —  Miiller  on  them, 
206  et  seq. — Mr  Bain's  views,  209  et 
seq. — the  link  of  feeling,  210  et  seq. — 
inflnence  of  guiding  ideas,  215  et  seq. 
—as  guided  iirst  by  sensations,  then 
by  ideas  of  these,  216 — Mr  Bain's 
definition  of,  219 — the  control  of  in- 
voluntary, 221 — final  conclusion  re- 
garding, 223. 

 movement,  proofs  of,  after  re- 
moval of  the  brain,  ii.  184 — why  re- 
moval of  the  medulla  oblongata 
arrests  it,  185. 

■   nervous  phenomena,  the  so- 

called,  ii.  165. 

  power,  gi-adual  failm-e  of,  in 

sleep,  ii.  350. 

Von  Biljra  on  the  phosphate  of  lime  in 
the  bones,  i.  100  note— on  the  action 
of  alcohol,  (Sic,  177. 

Vulpian,  M.,  observations  of,  on  the 
tadpole's  tail,  i.  361. 

■Waking,  no  antagonism  between  sleep 
and,  ii.  348. 

Walking,  shewn  to  be  not  a  reflex  ac- 
tion, ii.  257. 

"Warm  climates,  smaller  demand  for 
food  in,  i.  182. 

Warm-blooded  animals,  influence  of 
temperature  on  feeding  of,  i.  6 — com- 
parison between,  and  cold-blooded, 
as  to  starvation,  10 — effect  of  tying 
the  aorta  in,  279 — their  respiration 
arrested  by  carbonic  acid,  378  et  seq. 
— effects  of  temperature  on  respira- 
tion of,  401 — distinction  between, 
and  cold-blooded,  413  cJ  seq. — cooling 
apparatus  of,  417 — respiration  and 
animal  heat  among,  446. 

Warmth,  the  sensation  of,  ii.  291. 

Waste,  constancy  of,  in  the  organism, 
i.  4— amount  of,  fatal  to  life,  9 — pro- 
duction of  animal  heat  as  a  source 
of,  17 — breathing  as  a  source  of,  IS 
— water  in  the  body  the  vehicle  of, 
37 — blood  the  vehicle  for  removal 
of,  lie^diiniuntion  of  it,  by  tea, 
coffee,  (to.,  176— quantity  of,  con- 


veyed by  the  blood.  241 — predomi- 
nance of,  over  reiiair,  the  cause  of 
the  decline  of  life,  ii.  441. 

Water,  prolongation  of  life  during 
starvation  by,  i.  19 — thirst  allayed 
by  injection  of,  34  —  loss  of,  by 
breathing,  perspiration,  &c.,  35,  36 
— large  proportion  of,  in  the  body, 
30— its  physiological  imijortance,  37 
— rapidity  of  death  from  abstinence 
from,  ib. — requirements  of  differ- 
ent animals  for,  47 — cases  of  absti- 
nence from,  48 — essential  to  muscle, 
77 — Liebig  on  its  uses,  (fcc,  in  the 
organism,  ib. — -proportion  of  the 
body  it  forms,  99 — indispensable  to 
the  organism,  and  its  uses  there,  102 
— eflfects  of  different  condi  ■  ions  on, 
109 — proportion  of,  in  milk,  119 — 
effect  of,  on  the  gastric  juice,  210 — 
the  secretion  of  bile  increased  by, 
222 — proportion  of.  in  blood,  262. 

 birds,  the  ilesh  of,  as  an  article 

of  diet,  i.  158. 

 newt,  the  lungs  and  proces.s  of 

respiration  in,  i.  363 — winter  life  of, 
453.    See  also  Triton. 

Watson,  Dr,  on  the  stupefying  effects 
of  cold,  i.  439. 

  Dr  Forbes,  on  the  diet  of  the 

Hindoos,  i.  84. 

Weber,  estimate  of  the  quantity  of 
the  blood  by,  i.  272 — experiments 
of,  on  the  relations  of  the  pneumo- 
gastric  nerves  and  the  heart,  ii.  147 
— power  of  arresting  the  beating  of 
the  heart  possessed  by,  222 — mea- 
surement by,  of  the  tactile  sensibi- 
lity of  different  parts,  296 — his  ex- 
periments on  the  effect  of  loss  of 
the  epidermis  on  tactile  sensibOity, 
298. 

Wheat,  nitrogen  in,  and  its  nutritive 
value,  i.  82 — albumen  iu,  124 — gluten 
in,  127,  128 — productiveness  of,  com- 
pared with  rice,  &c.,  171 — EgyptLm 
or  Mummy,  an  illustration  of  sus- 
pended animation,  ii.  413. 

 bread  and  flour,  sugar  in,  i.  13S. 

White  of  egg,  the,  as  au  aliment-ary 
principle,  i.  122  et  seq. 

White  fish,  digestibiUty  of,  i.  166. 

 matter  of  nei-vous  system,  the, 

ii.  13  —  distribution  and  supposed 
function  of,  iu  the  brain,  98. 

 mustard,  oil  in,  i.  134. 

Whytt,  E.,  views  of,  on  the  senso- 
rium,  ii.  41 — on  the  so-called  uncon- 
scious sensations,  61  —  on  uni>er- 
coived  and  perceived  sensations,  66, 
67 — views  of,  on  the  spinal  cord, 
226. 

Wild  animals,  tamed  by  thirst,  i.  3S. 
WUl,  the  relations  of,  to  the  actions, 

ii.  197  et  seq — Mr  Bain's  views  on 

the,  209  et  se^. 
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Willan,  Dr,  case  of  voluntary  starva- 
tion giveu  by,  i.  19. 

■WUlbrand,  views  of,  on  tlie  circula- 
tion, i.  311. 

Willis,  Dr  R.,  experiruent  of,  on  the 
nerves,  ii.  16  —  scat  assigned  tbe 
sensorium  by,  41— ou  Combette's 
case,  132  note. 

■Wilson,  Ei-asmus,  on  the  sweat  glands, 
i.  418. 

  Professor  George,   on  colour 

blindness,  ii.  341,  342 — on  the  Miinx 
cat,  395. 

Wind,  influence  of,  on  temperature,  i. 
438. 

"Windpipe,  the,  i.  294,  295. 
Wine,  effects  of,  on  respiration,  i. 
371. 

Wines,  thirst  increased  by,  i.  33 — how 
classed  by  Liebig,  71 — as  an  article 
of  diet,  17.5 — effect  of  various  sub- 
stances on  flavour  of,  ii.  305. 

Winking,  an  illustration  of  reflex  ac- 


tion, ii.  57 — is  it  a  voluntary  or  in- 
voluntary action,  199. 

Winslow,  the  anatomist,  a  case  of  ap- 
parent death,  ii.  447. 

Wistinghauseu  on  tlie  action  of  the 
bile  on  fats,  i.  220. 

Wolf,  the,  hybrids  between,  and  the 
dog,  ii.  394,  399,  40O  et  seq. 

Wolff,  on  the  nutritive  relations  of  the 
blood,  i.  280. 

Women,  respiration  in,  compared  with 
men,  i.  370. 

Woorara  poison,  action  of  the,  on  the 
nerves,  ii.  79. 

Wtirtemberg,  sale  of  horse  flesh  at,  i. 
102. 

Yakuti,  gluttony  of  the,  i.  185. 
Yeast,  importance  of  form  to  the  ac- 
tion of,  i.  113. 

ZiTTAU,  horse-flesh  sold  in,  i.  163. 
Zooj-hytes,  temperature  of,  i.  40S. 
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able type.  Published  monthly,  price  5s.  per  Volume.  Vols.  I.  to  V.  are 
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A  Cruise  in  Japanese  Waters. 

By  Captain  Sherard  Osborn,  C.B., 

Author  of  "  Leaves  from  an  Arctic  Journal,"  "  Quedah,"  &c. 

A  New  Edition.    Crown  Octavo,  price  5s. 

'■  The  fascination  of  this  strange  countiy  was  undoubtedly  great,  for  it  is  transferred 
to  every  page  of  Captain  Osborn "s  narrative."— r/ie  rinwa.  k„j  m,nrl 

"  One  of  the  most  charming  little  books  that  for  many  a  day  wo  have  had  the  good 
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"  One  lays  down  the  book  with  an  irresistible  desire  to  pack  up  all  one  has  and  stan 
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In  readmg  many  pages  of  this  book  wc  almost  feel  that  the  action  of  the  e^  e„ts_^ 
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Lays  of  the  Scottish  CavaKers,  and  other  Poems. 

By  W.  Edmondstoune  Aytoun,  D.C.L., 

Professoi-  of  Ehetoric  and  Belles-Lettres  in  the  University  of  Edinburgh. 
Twelfth  Edition,  price  7s.  fid. 

"  Mr  Aytoim's  Lays  we  truly  beautiful,  and  are  perfect  poems  of  their  class,  pregnant 
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Who  can  heai-  the  opening  lines  descriptive  of  Bdinhm-gh  after  the  great  battle  of  Flodden, 
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Bothwell:  A  Dramatic  Poem. 

By  the  same  Author. 
Third  Edition,  price  7s.  fid. 


The  Ballads  of  Scotland. 

Edited  by  Professor  Aytoxtn. 

Second  Edition.    Two  Volumes,  price  12s. 

"  No  counti7  caii  boast  of  a  richer  collection  of  Ballads  than  Scotland,  and  no  Editor 
for  these  Ballads  could  be  foimd  more  accomplished  than  Professor  Aytoun.  He  has  sent 
forth  two  beautiful  volumes  which  range  with  Percy's  fleiigwes— which,  for  completeness 
and  accuracy,  leave  little  to  be  desired — which  must  henceforth  be  considered  as  the  stan- 
dard edition  of  the  Scottish  Ballads,  and  which  we  commend  as  a  model  to  any  among  oiu'- 
selves  who  may  think  of  doing  like  service  to  the  Enghsh  Ballads." — Tlie  Times. 


Firmilian :  or,  The  Student  of  Badajoz. 

A  SPASMODIC  TRAGEDY. 
Price  6s. 

"Without  doubt,  whether  we  regard  it  as  a  satire  or  as  a  complete  drama,  Firmilian 
is  one  of  the  most  finished  poems  of  the  day.  Unity  is  preserved,  and  the  intensity  of  the 
'  spasmodic '  energy  thrown  into  the  narrative  carries  the  reader  tlu-ough  every  page,  while 
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Edited  by  Bon  Gaultier. 
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Poems  and  Ballads  of  Goethe. 

Translated  by  Professor  Aytoun  and  Theodore  Maetui. 

Second  Edition,  price  6s. 

"Tliere  is  no  doubt  that  these  are  the  best  translations  of  Goethe's  marveUously-cul 
gems  whicli  have  yet  been  published."— 77ie  Times. 


The  Poems  of  Felicia  Hemans. 

Complete  in  One  Volume,  Royal  Octavo,  with  portrait  by  Finden,  price  21s. 

Another  Edition,  with  MEMOIR  by  her  Sister,  Seven  Vols.,  Foolscap,  35s. 

Another  Edition,  in  Six  Vols.,  cloth,  gilt  edges,  24s. 

"  Of  no  modem  writer  can  it  be  afttrmed  with  less  hesitation,  that  she  has  become  an 
English  classic  ;  nor,  vintil  human  nature  becomes  very  different  from  what  it  now  is,  can 
we  imagine  the  least  probability  that  the  music  of  her  lays  will  cease  to  soothe  the  ear,  or 
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edges,  price  43.  each  : — 

RECORDS  OP  WOMAN. 

FOREST  SANCTUARY. 

SONGS  OF  THE  AFFECTIONS. 

DRAMATIC  WORKS. 

TALES  AND  HISTORIC  SCENES. 

MORAL  AND  RELIGIOUS  POEMS. 


The  Course  of  Time :  A  Poem, 

By  Robert  Pollok,  A.M. 

An  Illustrated  Edition,  in  Square  Octavo,  bound  in  cloth,  richly  gilt,  £1,  Is. 

"There  has  been  no  modem  poera  in  the  English  language,  of  the  class  to  which  the 
'  Course  of  Time '  belongs,  since  Milton  wote,  that  can  be  compared  to  it.  In  the  present 
instance  llie  artistic  talents  of  Messrs  Foster,  Clayton,  Tenniel,  Evans,  Dalziel, 
Green,  and  Woods,  have  been  employed  in  giving  exi^ression  to  the  sublimity  of  the 
laiigu.age,  by  equally  exquisite  illustrations,  all  of  which  are  of  the  highest  class." — BeU's 
Messenger. 

Another  Edition,  being  the  Twenty-second,  in  Foolscap  Octavo,  price  7s.  6d. 


The  Poetical  Works  of  D.  M.  Moir  (Delta). 

Including  "  Domestic  Verses,"  and  Life  by  THOMAS  AiRD,  and  a  Portrait.  Two 
Voliimes,  Foolscap  Octavo,  price  14s.  .' 
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Works  of  Professor  Wilson. 

Edited  by  his  Son-in-La\v,  Professor  Perkier. 
In  Twelve  Vols.,  Crown  Octavo,  price  £3,  12s. 
The  following  are  sold  separately : — 

NOCTES  AMBROSIAN^.    Four  Vols,  24s. 

ESSAYS,  CRITICAL  AND  IMAGINATIVE.    Four  Vols.  24s 

RECREATIONS  OF  CHRISTOPHER  NORTH.    Two  Vols.  12s 

TALES.    One  Vol.  6s. 

POEMS.   One  Vol.  6s. 


Works  of  Samuel  Warren,  D.C.L. 

Uniform  Edition,  Five  Vols.,  price  24s. 
The  following  ai'e  sold  separately  : — 

DIARY  OF  A  PHYSICIAN.    5s.  6d. 
TEN  THOUSAND  A  YEAR.    Two  Vols.  9s. 
NOW  AND  THEN.    2s.  6d. 
MISCELLANIES.  5s. 


Works  of  Thomas  M'Crie,  D.D. 

Edited  by  his  Son,  Professor  M'Crie. 
Uniform  Edition,  in  Four  Vols.,  Crown  Octavo,  price  24s. 
The  following  are  sold  separately,  viz. — 
LIFE  OF  JOHN  KNOX.  6s. 
LIFE  OF  ANDREW  MELVILLE.  6s. 
HISTORY  OF  THE  REFORMATION  IN  ITALY  4s 
HISTORY  OF  THE  REFORMATION  IN  SPAIN    3s  6d 
REVIEW  OF  "TALES  OF  MY  LANDLORD,"  AND  SERMONS  6s 


Cnrran  and  Ms  Contemporaries. 

By  Charles  Phillips,  Esq.,  A.B. 
A  New  Edition,  Crown  Octavo,  price  7s.  6d. 

lib^'r^'^tydr^S^^  ...  No 

thrs'Ime'cariLsKfrnL'""  '         '^"^""^  P"''*-"^  «r°^ded  before  into 


Life  of  John,  Duke  of  Marlborough. 

WITH  SOME  ACCOUNT  OP  HIS  CONTEMPORARIES. 
By  Sir  Archibald  Alison,  Bart.,  D.C.L. 
Third  Edition,  Two  Vols.,  Octavo,  Portrait  and  Maps,  30s. 
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Tales  from  "  Blackwood." 

Publishing  in  Monthly  Numbers,  price  6d.,  and  in  Voliimes  Quarterly,  price 
Is.  6d.,  bound  in  cloth. 

The  Volumes  published  contain.— 

Vol.  I.  Tlie  Glenmutchkin  RaUway.— Vandei-decken's  Message  Home.— The  Floating 
Beacon.- Colonna  the  Painter.— Napoleon.— A  Legend  of  Gibraltar.— The  Iron  Sliroud. 

Vol.  II.  Lazaro'a  Legacy. — A  Story  without  a  Tail. — Faustu.s  and  Queen  Elizabeth. 
—How  I  became  a  Yeoman.— Devereux  Hall.— The  Metempsychosis.— College  Tlieatricals. 

Vol.  III.  A  Reading  Party  in  the  Long  Vacation.— Father  Tom  .and  tlie  Pope.— La 
Petite  Madelame.— Bob  Burke's  Duel  ^vith  Ensign  Brady.— The  Headsman :  A  Tale  of 
Doom. — The  Wearyful  Woman. 

Vol.  IV.  How  I  stood  for  the  DreepdaUy  Burghs.  —  First  and  Last  — The  Duke's 
Dilemma:  A  Chronicle  of  Niesenstein.— The  Old  Gentleman's  Teetotum.— "Woe  to  us 
when  we  lose  the  Wateiy  Wall."— My  College  Friends  :  Charles  RusseU,  the  Gentleman 
Commoner.— The  Magic  Lay  of  the  One-Horse  Chay. 

Vol  V.  Adventm-es  in  Texas.— How  we  got  Possession  of  the  TuUeries.— Captain 
Raton's  Lament.— Tlie  Village  Doctor.— A  Singular  Letter  from  Southern  Africa. 

Vol  VI  My  Friend  the  Dutcliman.— My  College  Friends— No.  II.  :  Horace  Leicester. 
—The  Emerald  Studs. —My  College  Friends  — No.  III.  :  Mr  W.  Wellington  Hurst.— 
Christine  :  A  Dutch  Story.— The  Man  in  the  Bell. 

Vol  VII.  My  English  Acquaintance.— Tlie  Miu-derer's  Last  Night. —Narration  of 
Certain  Uncommon  Things  that  did  foi-merly  happen  to  Me,  Herbert  WiUis,  B.D.— The 
Wags.— The  Wet  Wooing  :  A  Narrative  of  '98.— Ben-na-Groich. 

Vol  VIII.  The  Surveyor's  Tale.  By  Professor  Aytoun.— The  Forrest-Race  Romance. 
— bi  Vasaxi :  A  Tale  of  Florence.— Sigismund  Fatello.— The  Boxes. 


Adam  Bede. 

By  George  Eliot. 
Seventh  Edition.    Two  Vols.,  Foolscap  Octavo,  price  12s. 

Scenes  of  Clerical  Life. 

THE  SAD  FORTUNES  OF  AMOS  BARTON- MR  GILFIL'S  LOVE  STORY— 
JANET'S  REPENTANCE. 

By  Geoeqe  Eliot. 
Second  Edition.   Two  Vols.,  Foolscap  Octavo,  price  12b. 

The  Mill  on  the  Floss. 

By  Geoege  Eliot, 

Author  of  "  Scenes  of  Clerical  Life,"  and  "  Adam  Bede." 
In  Three  Volumes,  price  £1,  lis.  6d. 

Salmon-Casts  and  Stray  Shots : 

BEING  PLY-LEAVES  FROM  THE  NOTE-BOOK  OF  JOHN  COLQUHOUN, 
Author  of  the  "Moor  and  the  Loch,"  &c. 

Second  Edition,  Foolscap,  5s. 
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^What  will  he  do  with  it  ? 

By  PiSISTRATUS  Caxton. 
Originally  puhlished  in  BlackwootVs  Macjaziiie. 
PFoiir  Volumes,  Post  Octavo,  price  £2,  2s. 

ILady  Lee's  Widowhood. 

By  Lieiit.-Col.  E.  B.  Hamley. 
ITMrd  Edition.    With  Engravings.    Crown  Octavo,  price  63. 

"A  quiet  Iiumoiir— au  easy,  graceful  style— a  deep  though  confident  knowledge  of 
human  nature  in  its  better  and  more  degi-ading  aspects— a  delicate  and  exquisite  appre- 
ciation of  womanly  character— an  admirable  faculty  of  description,  and  gi'eat  tact— are 
the  qualities  that  command  the  reader's  interest  and  respect  from  beginnmg  to  end."— 
,  Tlie.  Times. 

'The  Athelings;  or,  The  Three  Gifts. 

By  Mrs  Oliphant. 
1  Three  Volumes,  Post  Octavo,  price  £1,  lis.  6d. 

"  It  is  quite  charming.    The  beginning  is  perfect,  and  may  rank  with  any  pictiu'e  of  an 
interior  that  we  know.  In  TM  Athdiiigs  Mrs  Oliphant  exercises  with  the  greatest  success 
:  her  talent  for  pictiue-painting.    Tliere  is  not  a  stroke  or  a  shade  too  much  or  too  little. 
A  sweeter  story  than  Tim  Athdings,  or  one  more  beautifidly  -written,  we  have  not  seen  for 
many  a  long  day." — Globe. 

IZaidee;  A  Romance. 

By  the  same  Author. 
I  Three  Volumes,  Post  Octavo,  price  £1,  lis.  6d. 

: Katie  Stewart:  A  True  Story. 

By  the  same  Author. 

■  Second  Edition,  Foolscap,  price  6s. 

'The  Quiet  Heart. 

By  the  same  Author. 

■  Second  Edition,  Post  Octavo,  price  10s.  6d. 

I  Cheap  Editions  of  Popular  Works. 

Lights  and  Shadows  of  Scottish  Life.    Foolscap  8vo,  3s.  cloth. 

The  Trials  of  Margaret  Lyndsat.    By  the  Author  of  "  Lights  and  Shadows 

of  Scottish  Life."    Foolscap  8vo,  3s.  cloth. 
The  Foresters.    By  the  Author  of  "Lights  and  Shadows  of  Scottish  Life  " 

Foolscap  8vo,  3s.  cloth. 
Tom  Cringle's  Log.    Complete  in  One  Volume,  Foolscap  Svo,  4s,  cloth. 
The  Cruise  of  the  Midge.    By  the  Author  of  "Tom  Cringle's  Log."   In  One 

Volume,  Foolscap  Svo,  4s.  cloth. 
The  Life  of  Mansie  Wauch,  Tailor  in  Dalkeith.    Foolscap  Svo,  3s.  cloth. 
The  Sdbaltern.    By  the  Author  of  "  The  Chelsea  Pensioners."   Foolscap  Svo, 

3s.  cloth. 

Peninsular  Scenes  and  Sketches.  By  the  Author  of  "The  Student  of  Sala- 
manca."   Foolscap  Svo,  Ss.  cloth. 

Nights  at  Mess,  Sir  Frizzle  Pumpkin,  and  other  Tales.  Fcap  Svo,  3s.  cloth. 

The  Youth  and  Manhood  of  Cyril  Thornton.  By  the  Author  of  "  Men  and 
Manners  in  America."    Foolscap  Svo,  4s.  cloth. 

Valerius  :  A  Ro.man  Story.    Foolscap  Svo,  3s.  cloth. 

Reginald  Dalton.    By  the  Author  of  "Valerius."    Foolscap  Svo,  4s.  cloth. 
S0.ME  Passages  in  the  Life  of  Adam  Blair,  and  History  op  Matthew  Wald. 

By  the  Author  of  "  Valerius  "    Foolscap  Svo,  4s.  cloth. 
Annals  of  the  Parish,  and  Aybshire  Legatees.  By  John  Gait.  Foolscap  Svo, 

4s.  clotli. 

Sir  Andrew  Wylie.    By  John  Gait.    Foolscap  Svo,  4s.  cloth. 

The  Provost,  and  OTHER  Tales.    By  John  Gait.    Foolscap  Svo,  4s.  cloth. 

The  Entail.    By  John  Gait.    Foolscap  Svo,  4s.  cloth. 

Life  in  tub  Far  West.    By  G.  F.  Ruxton.    A  New  Edition.    Fcap  Svo,  in.  cl. 
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The  Sketcher. 

By  the  Rev.  John  Eagles,  A.M.,  Oxon. 

Originally  published  in  BlachiooocCs  Magazine. 

In  Post  Octavo,  price  10s.  6d. 

"  There  is  an  earnest  and  vigorous  thought  about  them,  a  genial  and  healthy  tone  of 
feeling,  and  a  ilowing  and  frequently  eloquent  style  of  language,  that  make  this  book  one 
of  the  most  pleasant  comi5anions  that  you  can  take  with  you,  if  you  are  bound  for  the 
woodland  or  pastoral  sceneiy  of  rural  England,  especially  if  you  go  to  study  the  pic- 
turesque, whether  as  an  observer  or  as  an  artist." 


Essays. 

By  the  Rev.  John  Eagles,  A.M.,  Oxon. 
Orig'inally  published  in  BlackwoocHs  Magazine. 
Post  Octavo,  10s.  6d. 

Contents — 

Church  Music,  and  other  Paroohials — Medical  Attendance,  and  other  Parochials — A  few 
Hours  at  Hampton  Couit — Grandfathers  and  Grandchildren — Sitting  for  a  Portrait — 
Are  there  not  great  Boasters  among -us? — Temperance  and  Teetotal  Societies  — 
Thackeray's  Lectui-es  :  Swift — The  Crystal  Palace — Civilisation  :  the  Census — The 
Beggar's  Legacy. 


Thorndale :  or,  The  Conflict  of  Opinions. 

By  William  Smith, 

Author  of  "  A  Discourse  on  Ethics,"  &c. 

A  New  Edition,  Crown  Octavo,  price  10s.  6d. 

"  More  literary  gems  could  be  picked  from  this  than  almost  any  recent  volume  we 
know.  It  is  a  repository  of  select  thoughts — the  fruit  of  much  reflection,  much  reading, 
and  many  years. " — Scotsman. 

"  It  is  long  since  we  have  met  with  a  more  remarkable  or  worthy  book.  Mr  Smith  is 
always  thoughtful  and  suggestive.  He  has  been  entirely  successful  in  carrying  out  his 
wish  to  produce  a  volume,  in  reading  which,  a  thoughtful  man  wQl  often  pause  with  his 
finger  between  the  leaves,  and  muse  upon  what  he  has  read.  We  judge  that  the  book 
must  have  been  written  slowly,  and  at  intervals,  from  its  affluence  of  beautiful  thought. 
No  mind  could  have  turned  off  such  material  with  the  equable  flow  of  a  stream.  We 
loiow  few  works  in  which  there  may  be  found  so  many  fine  thoughts,  light-bringing  illus- 
trations, and  happy  tmiis  of  expression,  to  invite  the  reader's  pencil." — Fraser's  Magazine. 


Lectures  on  Metaphysics. 

By  Sir  Williaj^  HAmLTON,  Bart. 

Edited  by  the  Rev.  H.  L.  Mansel,  B.D.,  and  John  Veitch,  A.M. 
In  Two  Vols.,  Octavo,  price  24s. 


Institutes  of  Metaphysic : 

THE  THEORY  OF  KNOWING  AND  BEING. 
By  James  F.  Feerier,  A.B.,  Oxon., 

Professor  of  Moral  Philosophy  and  Political  Economy,  St  Andrews. 
Second  EditioHj  Crown  Octavo,  10s.  6d. 
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Diversities  of  Faults  in  Christian  Believers, 

By  the  Very  Rev.  E.  B.  Ramsay,  M.A.,  F.R.S.E., 

Dean  of  the  Diocese  of  Edinburgh. 

I  In  Foolscap  Octavo,  price  4s.  6d. 

1  Diversities  of  Christian  Character. 

Illustrated  in  the  Lives  of  the  Four  great  Apostles. 
By  the  same  Author. 
( Uniform  with  the  above,  price  4s.  6d. 

]  Religion  in  Common  Life : 

A  Sermon  preached  in  Crathie  Church,  October  14,  1855,  before  Her 
Majesty  the  Queen  and  Prince  Albert.  Published  by  Her  Majesty's 
Command. 

By  the  Rev.  John  Caird,  D.D. 

!  Bovmd  in  cloth,  8d,    Cheap  Edition,  3d. 

i  Sermons, 

By  the  Rev.  John  Cairo,  D.D., 
Minister  of  West  Park  Church,  Glasgow. 

I  In  Post  Octavo,  price  7s.  6d. 

]  Prayers  for  Social  and  Family  Worship. 

Prepared  by  a  Committee  of  the  General  Assembly  of  the  Church  of 
Scotland,  and  specially  designed  for  the  use  of  Soldiers,  Sailors, 
Colonists,  Sojourners  in  India,  and  other  Persons,  at  Home  or 
Abroad,  who  are  deprived  of  the  Ordinary  Services  of  a  Christian 
Ministry.    Published  by  Authority  of  the  Committee. 

;  In  Crown  Octavo,  bound  in  cloth,  price  4s. 

IPrayers  for  Social  and  Family  Worship. 

Being  a  Cheap  Edition  of  the  above. 
Price  Is.  6d. 

ITheism : 

THE  WITNESS  OF  REASON  AND  NATURE  TO  AN  ALL-WISE  AND 
BENEFICENT  CREATOR.— (Burnett  Prize  Treatise.) 

By  the  Rev.  J.  Tulloch,  D.D., 

Principal,  and  Primarius  Professor  of  Theology,  St  Mary's  College, 
St  Andrews. 

Crown  Octavo,  lOs.  6d. 
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Lives  of  the  Queens  of  Scotland, 

AND  ENGLISH  PRINCESSES  CONNECTED  WITH  THE  REGAL  SUC- 
CESSION. 

By  Agnes  Steickland. 
With  Portraits  and  Historical  Vignettes.   Complete  in  Eight  Vols.,  price  £4,  48. 


History  of  Europe, 

FROM  THE  COMMENCEMENT  OF   THE  FRENCH  REVOLUTION  TO 
THE  BATTLE  OP  WATERLOO. 

By  Sir  Akchibald  Alison,  Bart.,  D.C.L. 

A  New  Edition  of  the  Library  Edition  is  in  the  Press. 
Crown  Octavo  Edition,  20  vols.,  price  £6. 

Peojile's  Edition,  12  vols.,  double  cols.,  £2,  8s.  ;  and  Index  Vol.,  3s. 


The  History  of  Europe, 

FROM  THE  FALL  OF  NAPOLEON  TO  THE  ACCESSION  OP  LOUIS 
NAPOLEON. 

By  Sir  Archibaid  Alison,  Bart.,  D.C.L. 

Complete  in  Nine  Vols.,  price  £6,  7s.  6d,  Uniform  with  the  Library  Edition 
of  the  Author's  "History  of  Europe,  from  the  Commencement  of  the 
French  Revolution." 


Atlas  to  Alison's  History  of  Europe ; 

Containing  109  Maps  and  Plans  of  Countries,  Battles,  Sieges,  and  Sea- Fights 
Constructed  by  A.  Keith  Johnston,  F.R.S.E.  With  Vocabulary  of  MiU 
tary  and  Marine  Terms. 

Library  Edition,  £3,  3s. ;  People's  Edition,  £1,  lis.  6d. 


History  of  Greece  under  Foreign  Domination. 

By  George  Finlat,  LL.D.,  Athens. 

Five  Volumes  Octavo — ^viz.  : 

Greece  under  the  Romans,  b.c.  146  to  a.d.  717.  A  Historical  View  of  the 
condition  of  the  Greek  Nation  from  its  Conquest  by  the  Romans  until  the 
Extinction  of  the  Roman  Power  in  the  East.    Second  Edition,  16s. 

History  of  the  Byzantine  Empire,   a.d.  716  to  1204  ;  and  of  the  Greek  Empir 
of  Nicaja  and  Constantinople,  A.D.  1204  to  1453.    Two  Volumes,  £1,  7s.  6d 

Mediffival  Greece  and  Trehizond.  The  History  of  Greece,  from  its  Conquest 
by  the  Crusaders  to  its  Conquest  by  the  Tm-ks,  a.Dj,-  1204  to  1566  ;  and 
History  of  the  Empire  of  Trebizond,  A.D.  1204  to  1461.    Price  12s. 

Greece  under  Othoman  and  Venetian  Domination,  a.d.  1453  to  1821.  Price 
10s.  6d. 

"His  book  is  worthy  to  take  its  plnce  among  tlie  reinarknble  works  on  Greek  history, 
which  form  one  of  the  chief  glories  of  Englisli  scliolarsliip.  The  historj-  of  Greece  is  but 
hnif  told  without  it." — London  Guaniinn.  ,  ,.  ,  j. 

"His  work  is  tliciefore  le.arned  nm\  profound.  It  throws  a  flood  of  nght  upon  an 
imirartant  though  olweure  portion  of  Grei-iim  history.  .  .  .  In  the  ossential  requisites 
of  fidelity,  accuracy,  and  learning,  Mr  Fiiilay  bears  a  favourable  companson  witli  anj; 
liistoricai  writer  of  biu-  day."— iVorWi  American  Review. 
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rChe  Eighteen  Christian  Centuries. 

By  the  Rev.  James  White. 
r  'hircl  Edition,  with  Analytical  Table  of  Contents,  and  a  Copious  Index.  Post 
Octavo,  price  7s.  6d. 

■  "He  -oes  to  work  upon  the  only  true  principle,  and  proaucas  a  picture  tlmt  at  once 
ntisfles  truth,  arrests  the  memory,  and  fills  the  unaginatum     When  they  (In'lex  and 

iualvtiVal  Contents)  are  supplied,  it  will  be  difficult  to  lay  hands  on  any  booli  ot  the  kmd 
lore  usefulandmoreentertainiiig."— Times,  Review  of  first  edition. 

"  At  once  the  most  picturesque  and  the  most  iiifonniiig  volume  on  Modern  History  to 
7hirh  the  "eneral  reader  could  be  referred."— Afo7ico/iyomis(.      ,    „     .    ^.  , 

"  His  facadty  for  distinguishing  the  wheat  from  the  chatT,  and  of  rejecting  the  iiseless 
ubbish  wliile  learing  no  stray  grain  unsifted,  makes  the  'Eighteen  Clmstian  Centimes' 
n  invaluable  manual  alike  to  the  old  and  young  reader."— G(o6c. 

■  "  Mr  Wliite  comes  to  the  assistance  of  those  who  would  know  something  of  the  history 
f  the  Eighteen  Christian  Centuries  ;  and  those  wlio  want  to  know  still  more  than  he  gives 
hem  will  find  that  he  has  perfected  a  plan  which  catches  the  attention,  and  hxes  the 

i-istuictive  featiu-e  of  each  century  in  the  memoiy."— Wesley  an  Times. 

History  of  France, 

FROM  THE  EARLIEST  PERIOD  TO  THE  YEAR  1848. 

By  the  Rev.  James  White, 
Author  of  the  "  Eighteen  Chri.stian  Ceutui-ies." 

r.post  Octavo,  price  9b. 

"  Mr  White's  '  Historj'  of  France,'  in  a  single  volume  of  some  600  pages,  contains  every 
eadin"  incident  worth  the  telling,  and  abounds  in  word-painting  whereof  a  paragraph 
las  often  as  much  active  life  in  it  as  one  of  those  inch-scpiarc  etcliings  of  the  great  CaUot, 
n  which  may  be  clearly  seen  whole  annies  contending  in  bloody  arbitrament,  and  as  many 
ncidents  of  battle  as  may  be  gazed  at  in  the  miles  of  canvass  in  the  militaiy  pictui'e- 

•  'aUeries  at  Versailles."— .IfftciWBUi/i. 

"  An  excellent  and  comprehensive  compendium  of  French  history,  quite  above  the 
atandard  of  a  school-book,  and  particularly  well  adapted  for  the  libraries  of  literaiy 

innstitutious."— lYaiioiiat -Rerieiw.  ,  ,.  ..         ,  j. 

"We  have  in  this  volume  the  history  of  France  told  rapidly  and  distinctly  by  a  narrator 
.who  has  fancy  and  judgment  to  assist  him  in  seizing  rightly  and  presenting  in  the  most 
effective  manner  both  the  mam  incidents  of  his  tale  and  the  main  principles  involved  in 
them  Mr  Wliite  is,  in  our  time,  the  only  writer  of  short  histories,  or  summaries  of 
oistory,  that  may  be  read  for  pleasure  as  well  as  instruction,  that  are  not  less  true  for 
being  told  in  an  effective  way,  and  that  give  equal  pleasure  to  the  cultivated  and  to  the 
;  uncultivated  reader. " — Examiner. 


ILeaders  of  the  Reformation : 

LUTHER,  CALVIN,  LATIMER,  AND  KNOX. 
By  the  Rev.  John  Tulloch,  D.  D.  , 

Principal,  and  Primarius  Professor  of  Theology,  St  Mary's  College,  St 
Andrews. 

'  Crown  Octavo,  price  5s. 

"We  are  not  acquainted  with  any  work  in  which  so  much  solid  information  upon  the 
leading  aspects  of  the  great  Reformatioil  is  presented  in  so  well-packed  and  pleasing  a 
form." — IVitiiess. 

"  The  idea  was  excellent,  and  most  ably  has  it  been  executed.    Each  Essay  is  a  lesson  in 

■  sound  thinking  as  well  In  in  good  writing.  The  deliberate  perusal  of  the  volume  will  be 
.  an  exercise  for  which  all,  whether  young  or  old,  will  be  the  better.  The  book  is  erudite, 
1  and  throughout  marked  by  great  independence  of  thought.    We  very  highly  pme  the 

publication." — British  Standard. 

"  We  cannot  but  congratulate  both  Dr  Tulloch  and  the  university  of  which  he  is  so  i)ro- 
minent  a  member  on  this  evidence  of  returning  life  in  Presbyterian  tliought.    It  seems 
1  as  though  the  chains  of  an  outgrown  Puritanism  were  at  last  falling  from  the  limbs  of 

■  Scotch  theology.  There  is  a  width  of  sympathy  and  a  power  of  writing  in  this  little  vol- 
ume which  fills  us  with  great  expectation.  We  trust  that  Dr  Tulloch  will  consider  it  as 
being  merely  the  basis  of  a  more  conipUite  and  erudite  inquiry." — Literary  Gazette. 

"The  style  is  admirable  in  force  and  in  pathos,  and  the  book  one  to  be  altogether  re- 
(wmmended,  both  lor  the  merits  of  those  of  whom  it  treats,  and  for  that  which  the  writer 
unconsciously  reveals  of  his  own  character." — (Jlohe. 
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The  Chemistry  of  Common  Life. 

By  Professor  Johnston. 
A  New  Edition,  Edited  by  G.  H.  Lewes. 
Illustrated  with  numerous  Engravings,    In  Two  Vols.,  Foolscap,  price  lis.  Cd. 

The  Physiology  of  Common  Life. 

By  Geokge  H.  Lewes. 
Illustrated  with  numerous  Engravings.    Two  Vols.,  12s. 

Contents-  Hunger  and  Thirst.— Pood  and  Drink.— Digestion  and  Indigestion.— The  Struc- 
ture and  Uses  of  the  Blood.— The  Circulation.— Respiration  and  Suffocation.— Why 
we  are  Warm,  and  how  we  keep  so.— Feeling  and  Thinldng.— The  Mind  and  the 
Brain.— Our  Senses  and  Sensations.- Sleep  and  Dreams.— The  Qualities  we  Inherit 
from  our  Parents. — Life  and  Death. 

Sea-Side  Studies. 

By  George  Henry  Lewes, 
Author  of  "  Physiology  of  Common  Life,"  &c. 

Second  Edition,  Illustrated  with  Engravings,  price  6s.  6d. 

The  Physical  Atlas  of  Natural  Phenomena. 

By  Alex.  Keith  Johnston,  F.R.S.E.,  &c., 
Geographer  to  the  Queen  for  Scotland. 

A  New  and  Enlarged  Edition,  consisting  of  35  Folio  Plates,  27  smaller  ones, 
printed  in  Colours,  with  135  pages  of  Letterpress,  and  Index. 

Imperial  Folio,  half-bound  morocco,  £12,  12s. 

Atlas  of  Astronomy. 

A  complete  Series  of  Illustrations  of  the  Heavenly  Bodies,  drawn  with  the 
greatest  care  from  Original  and  Authentic  Documents,  and  printed  in 
Colours  by  Alex.  Keith  Johnston. 

Edited  by  J.  R.  Hind. 

Imperial  Quarto,  half-bound  morocco,  21s. 
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iie  Geolo^  of  Pennsylvania. 

A  Government  Survey ;  with  a  General  View  of  the  Geology  of  the 
United  States,  Essaj's  on  the  Coal-Formation  and  its  Fossils,  and 
a  Description  of  the  Coal-Fields  of  North  America  and  Great  Britain. 

By  Professor  Henry  Darwin  Rogers,  F.R.S.,  RG.S., 
Professor  of  Natural  History  in  the  University  of  Glasgow. 

ith  Seven  large  Maps,  and  numerous  Illustrations  engraved  on  Copper  and  on 
Wood.    In  Three  Volumes,  Royal  Quarto,  £8,  8s. 

iitroductory  Text-Book  of  Geology. 

By  David  Page,  F.G.S. 

i:drd  Edition,  with  Engravings.    In  Grown  Octavo,  price  Is.  6d. 

•■ '  It  has  not  been  oftftn  our  good  fortune  to  examine  a  text-book  on  soienoe  of  which 
■  could  express  an  opinion  so  euthely  favourable  as  we  are  enabled  to  do  of  Mr  Page's 
•;tle  work." — Athenanivi. 


ddvanced  Text-Book  of  Geology, 

DESCRIPTIVE  AND  INDUSTRIAL. 

By  David  Page,  F.G.S. 
ccond  Edition,  enlarged,  with  numerous  Engravings,  6s. 

•'•'An  admirable  book  on  Geology.  It  is  from  no  invidious  desire  to  undeiTate  other 
:Tks— it  is  the  simple  expression  of  justice,  which  causes  us  to  assign  to  Mr  Page's 
I'.vanced  Text-Book  the  very  first  place  among  geological  works  addressed  to  students, 
least  among  those  which  have  come  before  us.    We  have  read  every  word  of  it,  with 

:  :e  and  vnth  delight,  never  hesitating  as  to  its  meaning,  ne\'er  detecting  the  omission 
lanything  needful  in  a  popular  and  succinct  exposition  of  a  rich  and  varied  subject." — 
ader. 

■■ '  It  is  therefore  with  unfeigned  pleasure  that  we  record  our  appreciation  of  his  Advanced 
xt-Book  of  Geology.    We  have  carefully  read  this  truly  satisfactory  book,  and  do  not 

■sitate  to  say  that  it  is  an  excellent  compendium  of  the  gi'eat  facts  of  Geology,  and 

:itten  in  a  truthful  and  philosophic  spirit."— Edinburgh  Philosophical  Journal. 

■■'We  know  of  no  introduction  containing  a  larger  amount  of  information  in  the  same  space, 

dd  which  we  could  more  cordially  recommend  to  the  geological  student." — Atlmioium. 

iandbook  of  Geological  Terms  and  Geology, 

By  David  Page,  F.G.S. 

1 1  Crown  Octavo,  price  6s. 

"  '  To  the  student,  miner,  engineer,  architect,  agi-iculturist,  and  others,  who  may  have 
casion  to  deal  with  geological  facts,  and  yet  who  might  not  be  inclined  to  turn  up  half 
:  lozen  volumes,  or  go  through  a  course  of  geological  readings  for  an  exjilanation  of  the 
:  rm  m  question,'  Mr  Page  has  carried  out  his  object  with  the  most  complete  s\iccess. 
'3  book  amply  fulfils  the  promise  contained  in  its  title,  constituting  a  handbook  not 
!  -ly  of  geological  terms  but  of  the  science  of  geology.  It  will  not  only  be  absolutely 
.'lispensable  to  the  student,  but  will  be  invaluable  as  a  complete  and  handy  book  of 
ference  even  to  the  advanced  geologist.  "—LiJeran/  Gazette. 

"  There  is  no  more  earnest  living  practical  worker  in  geology  than  Mr  David  Page  To 
■i  excellent  Introductory  Text-Book  of  Geology  and  his  Advanced  Text-Book  of  Geology, 
•scriptive  and  Industrial,  he  has  now  added  an  admirable  system  of  geological  terms, 
!■  th  ample  and  clearly  written  explanatory  notices,  such  as  all  geological  observers,  whether 
ey  are  able  professors  and  distinguished  lecturers,  or  mere  inquirers  upon  the  threshold 
•  the  .science,  must  find  to  be  of  the  highest  vaXw."— Practical  Mechanics'  Journal. 

But  Mr  Page's  work  is  very  much  more  than  simply  a  translation  of  the  language  of 
:ology  into  plain  English ;  it  is  a  Dictionary,  in  which  not  only  the  meaning  of  the 
urds  is  given,  but  also  a  clear  and  concise  account  of  all  that  is  most  remarkable  and 
orth  knowing  in  the  objects  which  the  words  are  designed  to  exjiress.  In  doing  this  he 
•LS  cliieny  kept  in  view  the  requirements  of  the  general  reader,  but  at  the  same  time 
Iding  such  details  as  will  render  the  volume  an  acceptable  Handbook  to  the  student 
id  professed  geologist."— TAc  Press. 
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The  Bo^k  of  the  Farm. 

By  Heitoy  Stephens,  F.R.S.E. 

A  New  Edition.    In  Two  Volumes,  large  Octavo,  with,  upwards  of  600  En- 
gravings, price  £3,  half-bound. 

"  The  best  practical  book  I  have  ever  met  with." — Professor  Johnston. 
"One  of  the  completest  works  on  agrioultui-e  of  which  oui'  literature  can  boafit."— 
Agrimllnral  Gazette. 


Book  of  Farm  Implements  and  Machines. 

By  James  Slight  and  R.  Scott  Burn. 
Edited  by  Henby  Stephens,  F.E.S.E. 
Illustrated  with  876  Engravings.    One  large  Volume,  uniform  with  the  "  Book 
of  the  Farm,"  price  £2,  2s. 

"The  author  has  omitted,  most  .judiciously,  those  machines  not  now  used,  and  he  has 
confined  himself  to  those  in  actual  operation,  thereby  rendering  a  great  service  to  the 
agricultural  mind,  which  is  liable  to  confusion  in  oases  of  much  complication.  Some  of 
the  macliines  described  are  conunended,  and  desen'e  the  commendation  ;  others,  on  the 
contrary,  are  condemned,  and  it  would  seem  witli  equal  justice  :  but  the  character  of  all 
is  stated'distinctly  Full,  complete,  and  perfect  in  all  its  parts  ;  honestly  com- 
piled, and  skilfuUy  illustrated  with  numerous  and  valuable  engi-avings  and  diagrams,  it  is 
not  saying  too  i^iuch  to  state  that  tliere  is  no  parallel  to  this  important  work  in  any 
country  of  Europe,  and  that  its  value  to  the  agriculturist  is  almost  incalculable."— 
Observer. 


The  Book  of  the  Garden. 

By  Charles  M'Intosh. 
In  Two  large  Volumes,  Eoyal  Octavo,  published  separately. 

Vol  I  —On  the  Formation  of  Gardens— Construction,  Heating,  and  Ventilation  of  Fruit 
and  Plant-Houses,  Pits,  Frames,  and  other  Garden  Stractures,  with  Practical  DetaiLs. 
Illustrated  by  1073  Engravings,  pp.  776.    Price  £2,  lOs  ,  ^  ,^        r  ♦,,„ 

Vol  II  —PRACTICAL  GARDENING  contams :  Du-ections  for  the  Culture  of  tlie 
Kitchen  Garden,  the  Hardy- Fruit  Garden,  the  Forcing  Gaixlen,  and  Flower  Garden,  m- 
cluding  Fruit  and  Plant  Houses,  with  Select  Lists  of  Vegetables,  Frujts,  and  Plants. 
Pp.  868,  with  279  Engi-avmgs.    Price  £1,  17s.  6d. 

The  Tear-Book  of  Agricultural  Facts. 

Edited  by  R.  Scott  Burn.  ^. 
In  Foolscap  Octavo,  price  5s. 


A  Handy  Book  on  Property  Law. 

By  Lord  St  Leonards. 

A  New  Edition,  enlarged,  with  Index,  Crown  Octavo,  price  3s.  6d. 

"  Less  than  200  pnges  serve  to  arm  us  with  the  ordinary  precautions  to  which  we  should 
attend  in  selling,  buying,  mortgaging,  leasing,  settling,  and  devisnig  estates  m 
informed  of  our  relations  to  our  property,  to  our  wn-es  and  children,  «'  ^  «f  " 
as  trustees  or  executors,  in  a  little  book  for  the  nnUion  a  book  which  "'^^  ^f"//.'^ 

to  tlie  profanum  vulguAs  oven  capable  of  'beguUing  a  few  hours  in  a  railway  cwTiage. 
—The  Times. 
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Works  of  Professor  J.  F.  W.  Johnston. 

A  Catechism  of  Agricultural  Chemistry  and  Geology.  Is. 

Elements  of  Agricultural  Chemistry  and  Greology.   6s.  6d. 

Instructions  for  the  Analysis  of  Soils,  Minerals,  Manures,  &c, 
3s. 

On  the  Use  of  Lime  in  Agriculture.  6s. 
Experimental  Agriculture.  8s. 
Notes  on  North  America — 

AGRICULTURAL,  ECONOMICAL,  AND  SOCIAL. 
Two  Volumes,  Post  Octavo,  21s. 

Rural  Economy  of  England,  Scotland,  and  Ireland. 

By  Leonce  de  Lavergne. 

Translated  from  the  French.    With  Notes  by  a  Scottish  Farmer. 
Octavo,  price  12s. 

The  Architecture  of  the  Farm. 

A  SERIES  OP  DESIGNS  FOR  FARM  HOUSES,  FARM  STEADINGS,  FAC- 
TORS' HOUSES,  AND  COTTAGES. 

By  John  Starforth,  Architect. 

.  Sixty-two  Engravings.    Medium  Quai-to,  price  £2,  2s. 

Catechism  of  Practical  Agriculture. 

By  Henry  Stephens,  F.R.S.B., 
Author  of  the  "Book  of  the  Farm." 
With  Numerous  Engravings  on  Wood,  price  Is. 

Stable  Economy. 

A  TREATISE  ON  THE  MANAGEMENT  OF  HORSES. 
By  John  Stewart,  V.S. 
Sixth  Edition,  Foolscap,  price  6s.  6d. 

Handbook  of  the  Mechanical  Arts 

CONCERNED  IN  THE  CONSTRUCTION  AND  ARRANGEMENT  OF  DWELL- 
INGS AND  OTHER  BUILDINGS ; 
Including  Carpentry,  Smith- work,  Iron-framing,  Brick-making,  Columns,' Ce- 
ments, Well-sinking,  Enclosing  of  Land,  Road-making,  &c. 

By  Robert  Scott  Burn,  •  • 

Ono  of  the  Authors  of  the  "Book  of  Farm  Implements  and  Machines." 
Crown  Octavo,  Illustrated  with  504  Engravings  on  Wood,  price  6s.  6d. 


IN    THE  PRESS. 


In  Two  Volumes,  price  24s., 

LECTURES     ON  LOGIC. 

'      By  sir  WILLIAM  HAMILTON,  Baet. 

Edited  by  the  Eev.  H.  L.  MANSEL,  B.D., 
and  JOHN  VEITCH,  A.M. 

LECTURES  ON  THE  HISTORY  OF  THE 
CHURCH  OF  SCOTLAND. 

By  the  Late  Rev.  JOHN  LEE,  D.D.,  LL.D., 

Principal  of  the  University  of  Edinliurgh. 
In  Two  Volumes,  Octavo. 

THE  BOOK  OF  FARM  BUILDINGS' 

THEIR  ARRANGEMENT  AND  CONSTRUCTION. 

By  henry  STEPHENS,  F.R.S.E.,  &  R.  SCOTT  BURN. 

In  large  Octavo,  with  numerous  Engravings. 
A  Third  Edition,  enlarged,  of 

THE  FORESTER. 

A  PRACTICAL  TREATISE  ON  THE  FORMATION  OF  PLANTATIONS,  ,  THE 
PLANTING,  REARING,  AND  MANAGEMENT  OF  FOREST  TREES,  ETC. 

By  JAMES  BROWN, 

Wood-Manager,  Grantomi,  Strathspey. 

AN  INQUIRY  INTO  THE  NATURE  AND  CAUSE  OF  THE 
PREVAILING  DISEASE  AND  PRESENT  CONDITION  OF  THE 
LARCH  PLANTATIONS  IN  GREAT  BRITAIN. 

By  CHARLES  M'lNTOSH, 
Associate  of  the  Linna^iu  Society,  &c.  &c. 


